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Imago forming apparatus and method of manufacturing and adjusting the same 



(57) It is an object of 1ho invention to provide an im- 
ago forming apparatus capable of easily obtaining a 
white balance and performing image display with eXrtRl- 
lent color roproduotion properties, and amelhod nf man- 
ufacturing and adjusting the Image forming apparatus. 
A plurality of surface conduction electron -s mining de- 
vices (1002) ere arranged on a sunsiraie (1001). Llghl 
om j W - ron i s performed in Accordance w!tn tna colors (R, 



d , and B) of phosphors applied to a phosphor film ( 1 008) 
upon electron emission from the devfcys, so thai an im- 
age is formed. The electron-emitting characteristics of 
tfie surface conduction etecifon-eminlng device* (1002) 
are shifted in advance in correspondence with corre- 
sounding phosphor colore. Thereforo, a oolicfaotory 
white balance of tight emission of tho R. G, and B phos- 
phors can be obtained. 
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Description 

BAGKliftUUNIJ Uf TMh INVHM 1 ION 

Field of ihe Invention 

Tbft present Invention relates to an Image forming 
apparatus end a method or manufacturing and adjusting 
the sarrw*nri, mora pnrtir.iilariy. *n image forming ap- 
paratus using a multl-Alectrnn-benm nnurr.» in which a 10 
pluraltly or sunace conduction eleerron-nmiHing devim* 
are arranged, arid a method of man uractu ring and ad- 
ju sting tho same. 

Related Background Art 15 

Conventionally, two types of devices, namely hot 
and odd cathode devices, are known as electron-emit- 
liny devices. Examples of uufd cathode devices are field 
emission type emission devices {tu be i elei red to as FE &> 
type devices hereinafter), metal/insulator/metal type 
emlssfondevices (to be referred to as MIM type devices 
hereinaftar), and surface conduction electron-emitting 
devices. 

Known examples ol the F£ type devices are de- ss 
scribed m W.P. Dyke and W.W. Dolan, B Fiold omiccion", 
Advance In Electron Physics, B,89 (1956) and CA 
Spindt 'Physical properties of thin-film field omission 
cathodes with molybdenum cones", J. AppL Phys., 

47,5248(1976). 30 

A known example ol the MIM type devices is de- 
scribed in CA. Mead. "Operation or I unnel-emissmn 
Devices", J. Appl. Phys., 32,646 p9til). 

A Known example of the sunace conduction eiec- 
iron-emltllng devices Is described In. e.g., M.l. Eilnson, w 
Radio. Sro. Election Phys,. 10(1963) anUuUiei tram- 
ples to be described lalei- 

TIr* surface conduction electron-emitting device 
utilizes the phenomenon that electron emission is 
caused in a small-area thin film, formed on a eub strata, **> 
by pawing a current parallel to the film surface. The sur- 
face conduction electron omitting dovico includoa dc 
vices using an Au thin film (G. Dittmor, Thin Solid 
Films-, 0,317 (1072)), on IrvPa/SnOj, Ihin film (M. Hart- 
well and C.6. Fonotnd. "IEEE Trans. ED Conf.", 610 « 
(1D7S)). end a carbon thin film (Hioaohi Araki, ot oJ., 
'Vaouum 1 , Vol, 26. No, 1. p. 212 (1683)). and the like, in 
addition to an Sr\O z thin film according to Elinson men- 
tioned above. 

Fig. 24 is a plan view of tho surface conduction elec- 
tron-emiUing device according to M. Hartwoll el al. as a 
typical example of tho structures of theso surface con- 
duction electron-omitting devicos. Referring to Fig. 24, 
rofgroncfl numeral 3001 denotes a substrate; and 3004, 
a conductive thin film mado of a metal oxide formed by 
sputtering, This conductive thin film 3004 has an re- 
shaped pattern, as shown in Fig. 24. An oloctron-omU- 
ting portion 3005 Is formed by performing an electrifica- 



tion process (referred to as a energization forming proc- 
ess to be described later) with respect to tho conductive 
thin film 3004. Refermg to Fig. QA t a spacing L ie set to 
0,5 to 1 mm, and a width W is set to 0.1 mm. The elec- 
tron-emitting portion 3005 is shown In a rectangular 
shape at the cancer of the conductive ihin film 3001 for 
the sake of Illustrative convenience, however, this does 
not exactly show the actual poeilion and ehspe of the 
electron-omitting portion 300S. 

In the above surface conduction electron -emitting 
device by M. Hartwell et al.. typically the electron -emit- 
ting portion 300S is formed by performing the ©lootrifi- 
ratlnn process called tho energization forming process 
fnr tha conductive thin film 3004. before electron emis- 
sion AcmrHing to the energization forming pmnees, 
Gtecirinealinn is natlnrmari hy applying a'mnsrant HC 
voltage which increases er a vary slow rate of. ft.rj . 1 V/ 
min. to both ends of the conduct iva thin film 3004. so as 
to partially destroy or deform the conductive thin film 

3004 or changing me properties of the conductive thin 
film 3004. thereby forming the electron-emitling portion 

3005 wilh an eleclrtcallv high resistance. Note thai the 
destroyed or deformed part of the conductive thin film 
3004 or part where the properties are changed has a 
fissure, Upon application of an appropriate voltage to 
tho conductive thin film 0QG4afterthe energization form 
ing process, electron emission is performed near the fis- 
sure. 

The above surface conduction electron-emitting da- 
vices are advantageous because they have a simple 
structure and can be easily manufactured. For Ihis rea- 
son, many devices can be formed on a wide arAfl A* 
disclosed m Japanese Patent Laid-open No, wwsz 
Tliea oy the present applicant a msthod of arranging and 
driving a lot of devices nas oeen studied. 

Regarding applications of surface conduction alwc-. 
Iron-emitting devices to, e.g., image forming appaialus- 
es such as an irnaqe display appaiolua and an Image 
recording apparatus, charged beam sources and tho 
lik© havo been studied. 

Aa an application to Imago display apparatuses, In 
particular, aa disclosed in U.S. Palont No. 6.056,593 
and Japanese Patent Uid-Opon No. 2 257651 filod by 
the proocnt applicant, an imago display apparatus using 
the combination of n surface eonduotion olootron -omit- 
ting device and a phosphor which cmitc light upon irra- 
diation of an olootron boam hoc boon etuefiod. This type 
of Image display apparatus ie expected to have more 
excellent characteristics than other conventional image 
display apparatuses. For example, in comparison with 
recent popular liquid crystal display apparatuses, the 
above display apparatus ie superior in that is does not 
require a backlight since it is of a light emissive type and 
that it has a wide view angle. 

The present inventors have examined surface con- 
duction electron-emitting devices according to various 
materials, manufacturing methods, and structures, in 
addition to the above conventional devieee. Ths present 
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Inventors have also studied a mutthefcctron-boam 
source In which a lot of surface conduction elcotron- 
emlltlng devices are arranged, and an image display ap- 
paratus to which this mufti- electron source b oppliod. 
' ; Tha present inventors have also examined a multi- 
eieciron-beam bbuice according to an electric wiring 
method shown In Fly. 25, More specifically, thfe multl 
eleciron source Is cor wli Luted by two-dimensional ty ar 
ranging a large numu«i of surface conduction olcotron- 
emlttlng devices and wiring those devices in a matrix, 
8S shown in. Fig.- 25. . . . 

Referring to Fig/ 25, reference numeral 4001 do- 
notes a surface conduction electron omitting devico; 
4002, a row wiring layer; and 4003, a oolumn wiring lay- 
er. Trie row wiring layers 4002 and the column wiring 
layers 4O03 actually hevo limited electrical resistances 
wfiich are represented no wiring resistances MM and 
4005 in Tig. 25.' The wiring shown in Fig. 25 is refarmd 
to as simple matrix wiring. 

For the illustrative convenience, th* multi-electron 
source odnctituted by a 6 x 6 matrix Is shown in FIq. 25. 
However, theceal© of ths matrix is not limited to this 
arrangement, as a maltftr of course. In case of a multi- 
eleotran-beam source ror an image display apparatus, 
a number of device* sufficient to perform desired Image 
display are arranged and wired. 

In ihe muill-eiectron source in which the surface 
conduction electron-emitting devices are wired in a sim- 
ple matrix, as shown In Fig. 25, appropriate electru^ 
signals are supplied to the row winng layore 4002 and 
the column wirinq layers 4003 to output desired electron 
beams. When the surface conduction olectron-ernlning 
devices of an arbitrary row of the matrix are to be dm/en, 
a selection vcltago Vc ie applied to the row wiring layer 
4002 of the oolootod row. 

Simultaneously, a non-sel»crinn vonage Vns is ap- 
plied to the row wiring layers 4002 of unselected rows. 
In cynchronlsm with This np«raiion, a driving voltage Vb 
for outputting electron beams is applied to the column 
wiring layers 4003 According 10 tnls method, a voltage 
(Ve ■ Vs) is applied to the surface conduction electron- 
ornlttino devices of the selected ruw, and a voltage (Ve 
.Vns) implied to the surface conduction electron -emit- 
. ting devils of the unselected rows, assuming that a 
voliags drop caused by the wi. b.g resistances 400* end 
4nn5 ^negligible. When the voltages Vs. Ve, and Vnc 
are set to approorlale levels, electron beams with a de- 
sired intensity are output from only the surface conduc- 
tion electron-emitting device* of the selected row. When 
different driving vufcages Ve are applied to the reepec- 
tive COMmn wiring layers, electron beams With different 
intensities are output from the respective surface con- 
duction elecUun-emitling devices of tho eolected rows. 
Since Ihe response of the surface conduction electron- 
emitting device is very quick, the period of time over 
Which electron beams are output can alco be changed 
in accordance with the period of lime lor applying the 
driving voflaue Ve. 



The multi-electrnn source having surface conduc- 
tion eloctron-erniltinD.rlAVinftfs arranged in a simple ma- 
trix can be used in a variety nrapplicaiions. For example, 
the multi-electron souma can ha suitaoly used for an ln> 
s age display apparatus hy appropriately supplying an 
electrical signal according to image Information. 

However, the mutti-aleclron source in which the sur- 
face conduction eleotron-^miMino devices are arranged 
in the simple matrix has inn following problem in fact, 
to As degerlhed ahnva. when an imags display appa- 
ratus ie constihiffld by combining surface conduci ion 
electron-nmifting devices and ' phosphors which emit 
light upon irradiation of electron beams, phosphors of 
threfl primary colors., i.e.. red (R), green (G), and blue 
15 (R) are normally used. t 
However, since re fl, S'. and B pliosphors exhibit 
different light emission characteristics, as will be de- 
scribed" later, no saiisfaciuiy white balance can be ob- 
tamed when Bleclioii beams having the same intensity 
20 are Incident on the phosphors of the respective oolorc. 
Fig. 26 A is a graph showing typical light emission 
characteristics of the phoophorc of the respective 
colors As shown in Fig 26 A, the characteristic curve of 
a phosphor chongoc depending on the color of ernitt«d 
2S light and has non-linearity. The light emission charac- 
toriotio of a phosphor is defined depending on tne total 
amount of charges reaching a unn-area phosphor sur- 
face per unit Urn*. The degree Of non-llnearliy also 
changes depending on the type of the phosphw. 
30 The non-linearity of the characteristic curve of the 
phosphor can be corrected lo an almost linear charac- 
Tensiic cy Inserting, lor eaoJr color, a gamma correction 
circuit wntcn Is convusiticnally used for a CRT or the like. 
Fig 268 Is a uiaph showing the charootorlcttoc of the 
J5 respective color phosphors after gamma correction. Tho 
uiadtent changes depending on the colors. When the 
difference between tho gracfionte according to the colors 
does not correspond to the ratio of incident citron 
beam intonoitloc for the respective colors, which ratio 
40 def inoo a calicf actory white balance. 1h« color reproduc- 
tion properties aro degraded. 

SUMMARY OP THE 1NVEN I ION 

45 Tho present invention has been made to solve the 
above-described problems, and has as its obiect to pro- 
vide an imaoft Torming apparatus capable of easily ob- 
taining a tf/hire balance and performing image display 
with excellent color reproduction proper ties, and a meth- 

50 cd of manufacturing and adjusting the Image, forming 
apparatus . 

in order to achieve Ihe above object, an image form- 
ing apparatus of the present invention has the following 
arrangement. 

ss The image forming apparatus comprises a multi- 
Glentrnn-baam source having a plurality of surface con- 
duction electron-emitting, devices arranged on a suo- 
sirar*. light emission means foremilting light upon irra- 



QNSDCCIO: -CP ftJK74aiAI I > 



3 3- t-24 ;M'0H2 .' ; : 3UGTMUlA " 3 ATINT 



^'00 0 500 0 5 0© • 



■# .4/ 4t 



EP 0 767 481 A1 



,6 



-diatfon of an efectircin beam from the mulii-eleciron 
'* source; ahdmodulaUng moans fdrrT^ulalirtg the ylw- 
tfon beam being Irradiated! ditfie light' emission' means 
on the baa la of an input Image signal, where 1 1 i, for each 
: of the surface conduction aleccfoh^mlttlnp. devices, an 5 
5 • otectron-errihllng characteristic is shifcacf in advance ' In 
acirartj^ce with a light emfesldn characteristic of the. 
* v light emission means by apply ir ig' a yufla jje rtavlng a van 
ue forger than a maximum value of a dr jvj ng voltage . 

Preferably, the surface concluctiun oteUron-emIt- to 
ting devicea are artdhgod in a vacuum veasol in which 
a oartiof p reaaure of an organ Ic gas is not more ll'idi i 1 
XI^Torr; " 

Preferably, the light emission means comprises 
phosphors 1$ 

1 - ; Pfofordbly, the phoaphoraHava three primary colors 
of red; graen, and blueiahd the slectron-emttting char- : 
•actorietie of eacH of tho curfaoo conduction' elBctroh- 
r 6mitting ; device le shifted euoh that a white* balance of 
' the three pnmary colore is maintained, . : ao 
^ • Preferably, fci '-the rnulti-electrfa*n Spufeerthe plurafity 
or surtac* conduction e leetron^ernlttirig devices are two- 
; dimensionaiy arranged and wired In a matrix by row wir- 
in Q layers and column wi ring laye r* substantially; pa t- . 
pendlcuiar to the row wiring layers. & 

Preferably, in the mulil-electron sourea. tha piurADry 
or surface conduction electron-emitting devices are ar- 
ranged in a iuw direction, and grid elactrodes are ar- 
ranged in a column direct im i subslar i lially perpendicular 
to the row direction* t *° 

The present invention also incorporates a method 
of menu/acturing an Image forming apparatus. The 
present invention provides a method of manufacturing 
an imago forming apparatus having a muhl-electron- 
boam source having a pluralily of curfaoo oonduclion 
elect fon-om siting devices arranged on a eubetrato, light 
emission moan* for omitting light upon irradiation of an 
eloetmn beam from the multi-electron *ouree, and driv- 
ing msans for applying a driving voltage' to the multiv . 
elect mri snurcn nn lhn Hani* of an input image signal, 
comprising the step oi applying a rhflrpntarictic shift * 
voitags having a value larger than a maximum yalun nf : ' 
the driving voltage applied oy the driving means to The 
surface ^conduction electron-emitting devices tn ad- ., 
vancesucftihat electron-emitting cnarMiensiics of trie- 4* 
surface cdnduction eledrbn-emirtind devices are shifted ^ 
in accordance with a light emlsslch;cnaracierfsilc of the ' 
fight emissionmeans; : Preferably.; ^thejcharactefistic shift 
voltage; iaappiled. In a vacuum kimosphere fri vvmicfr a - 
panjaloressure of an organic gas Isnotmore than 10r a . so 
Ton* Piwfyiabiy, Hie light emission means comprises 
phosphors. Piefeiabty. Iht* phosphors have three prima-' 
ry colors uf taU, yrfe«n, and blue; and the efeciron-emlt- 
ting cfiaractefistfc of each bl the surface conduction 
y|fc*Uttn-emULing devices is shifted such that awhile bal- 55 
ance cf the three primary colors is maintained. Prelera- . 
biy,:hi ihe rnuilhelactron'source/ lhe plurality of surface 
conduction electron-emitting devices are wired in a ma- 



trix by a plurality of column wiring' layers and a plurality 
of row wiring lay firs. . .... .v 

The preflanl invention also Incorporates a method 
or adjusting annmagtffprr^ihg apparatusTiri ^ which the 
eiectrort-emirtlng cha^teristics of surface conduction 
electron-amirting devices are shifted so adjust the white 
balance if the white balance, has changed with the 
elapse o l lime after eompleiion of ihe image forming ap- 
paratus Tho prflsent invenjDon provides a method of ad- 
justing an image f nrmmg j apparatus having a multi-elec- 
tron-beam source having a pinrality oi surface canduc- 
tton eSectrOn-amittihg devicefl nrmnn«rfnn 8 siihstrnln, 
light amission means for erhiiring light tipnn 'irradiation 
of an eiecwn baarh trom tha murri-elacrroh jsource; flnrt 
driving means for applying a driving voltage to the multi- 
'"Blyutron source on the basis of an input image signal, 
comprising the step of ^appfying a characteristic shift 
voliay^ iwving a value larger than a maximum value or 
the drtviriq yoftdge aoplled by tne driving means to the 
surface cond uciiui i els^lr^OT-emUUrig "devices In ad- 
vance such that eiectrbri^errtittinq characteristics of the 
ourfece cbhductidn electh^n^rnitting devices are shifted 
in accordance with a fight emission characteristic of Ihe 
light emiecibn moono. Pref erably, the characteristic shift 
voltage is applied in a vacuum atmosphere in which a 
partial pressure of an organb gac ic not moro than 10* e 
Torr Preferably, the. light emission means comprises 
phosphors. Preferably, the phosphors have throe prima- 
ry colors ol red, green, and blue, and the electron-emit- 
ting characteristic oi each m the surface conrliicrioh 
electron-emitting device is shitted such that a white bal- 
ance of tne three primary colors is maintamsa. Hretera- 
Uly, In the rnuitl-eiectron source, the plurality of sunace 
conduction electron-emitting devices are wired In a ma- 
trix by a pluralily of uulumn wiiinu. tavws and a pluitUiiy 
of row wiring layers. 

According to tho present invention, an appropriate 
obelron omitting cheractsrbtic ia otored In advance in 
the surfaofl conduction oioctron -emitting device in cor 
rospondonoo with tho phoophoroolor. With thio arrange 
mont, an jmago iorming apparatus oapobio of oaeily ob- 
taining tho whit© balance can. be provided. When this 
image forming apparatus ; is appli«d, high-quality imago 
riisplay with a satisfactory, color, baianeo can be per- 
tnrmed without usincj any complex correction circuit. 

Other leatures md advantages of the present in- 
vent inn. will be apparent from, the following description 
taken iri'ronjiinctbn with .the ae^mpany ing drawings, 
in iwhirih [ike reference characters ^ designate, the same 
or similar parts throughput Ihe figures thereof. 

BRIEF Dt-Sf:HlPTJOM OF THE DRAWINGS 

. .Fig. 1 is a partiajlV cutaway perspective view of a 
' rtKpiay panel to which the first embodiment of ihe 
prfisent hvention is applied;, , . , 
htgs 2 A and 2Bare views showing examples of ar- 
ranging the phosphors of three primary colors; 
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Figs. 3A and OB are plan and coctfonal views lor 
explaining a plane type eurfaoo conduction elec- 
tron-emitting device of the first embodiment; 
Figs. 4A to 4D are sectional viowc lor explaining 
steps in manufacturing the piano typp surface con- 
duction electron-emltting device of the first orribod- 

(B|tj;. : g j S a graph showing an example of a voilago 

W^cfui rn appliod in a energisotipn forrning prbcasB 

of ilia first embedment; ^ ^ 

Figs G A and 6B aro grajihe ehowing ja- voltage 

w^eforrn applied "in an activation process and an 

omiseloh c urrant in th o first embodiment; 

Tig, 7 le a plan viowchowing the cubstralc of a multi- 

electron-beam cotirca of the first embodiment; , 

Fig.-8 fc: a ^part^ly cectionalvlew of .th* fiiifyitraift 

5 of the multi-electron source of the first Rmhhdimant; 

- Figc? QK and 9B are graphs; shnwing the voltage 
waveform of a charatenstic shift 'signal supplied to 
obtain 1ho characteristic or ma surface ponOuctlon 
eicctron-emfflirip rlnviea of the first embodiment: 
Figs. 1 0A arid lOHaragraphS sribwIng the elecli leal 
cnaractftrWtibs of the surface conduction electron- 

: ftmimng device Of lha first embodiment; 
Fig. 1 1 is a graph for explaining a method of obtain- 
ing a wniie balance of Uia respective color phos- 
phors in the first embodiment; 
Fia. 1 2 b a graph for explaining a method of chang- 
ing Weloc^ characterislbs of the sur- 
face conduction olootron-bmittlng devices corre- 
sponding to the respective color phosphors in the 
tirat embodiment; 

Fig 13 is a block diagram schematically showing 
iho arrangement of a driving circuit for performing 
lelei/ieion display on Ihp. display panel of ine nrsL 
embodiment; 

Fig 14 is a partial circuit diagram oi a BS in whitfi 
the surface conduction electron-amininq dovlc&s 
are wired in a matrix; 

Fig isisaviewsnowinganyxampleof an original 

image/ ' ' r " 
^ "Fig! 16 is- a L^aV^w*^^^^** 0 ^ 11 ^^ - oh 

agss applied tb^fwtinuliJ-electron source; ... 

pig; i*7 Is a tlmiriU'chait of>th© mu!li-eleetron cource 
' '^ich sequenliHily perfoi^s display |n unite of lines; 

Figs; f8A-1 8F are timing charta ol the driving circuii 
'•• shown. trrFig 13, r v. • ' 

• Pitt 1 9 is a sectional view of a.etop .type surface 

• Vcoiiducto elecVron-ernitting device ©t the first em- 

' UctDrnent; • , . 

Fifls 20A to 20(1 aro ceotiohal views for explaining 

* dt^ps • in manufacturing tho etap typo surface, con- 

• • ;'du5tidn ctectrbri-emitting device of tho.fimt embod- 
^^irrwnfrr: : : ' :: <j-J < V : ::<v-> . " ■ >..-. 

/ Fig. 21 b a partially cutaway perspective view of a 
: ' display panel to; whioh Iho second embodiment of 
-Vvihf preaehf invention ie applied; 
: ; Fig! 22 is a graph showing the relationship between 
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■ agrid voltagfc anH a phosphor current in the second 
embodiment; v 

Fig, 23 is abiock digram mowing' the arranoemeni 
of a multifLihciinn imag* display apparatus accord- 
ing to die third pmhnriimani of the present Invention; 
Fig. 24 is apian vtewof a r^nvHrtohat surface con- 
ductipn eleetrpnTemitting dayinft;- . 
Fig 25 is a view showing a conventional mu Ili-elBC- 
tron source; and 

Figs 26 A and ?RB are grapns showing- The typical 
DghMrtiifting characte'ristics of respecuve color 
'■: : - : ^phbflphdrsx 

EMBODIMENTS -\y f 

An enSbcxJirnent of lhe.prasent invention will be de- 
scribed below in delair WirJ-i reference to the.accompa- 
nylng drawinqs, ' , r ' 



so 



<First Embodiment> 



In this embodiment, a display panel for performing 
image dioplay will bo described as ah example of an cm- 
2s age forming apparatus using surface conduction eleo 
tron-ornilting devices, 

... ^Arrangemflnf find Manuracturing Method of Display 
Panel» 

Fig. 1 te a jaartlaily cutaway pwrapective view of a 
oispiay panel to which the iii^i embodiment is applied. 
Showing ih© Inluinal atoictur© of the panel. 

Ryfttiitaflto Fig. 1, reference numeral 1006 donotoe 
33 9 iear plate; 100©, a aide wall: and 1007, a face plate. 
These parte form on airtight vessel for maintaining a 
vacuum In the display panel To construct the airtight 
veaeel. it io noooecary to eeal<pnnact the respect iv* 
porta to allow ths?r junction portione lo hold « suttielent 
40 atrongth end airtight condition. For.«x*mple, a frit glass 
■ , icapplie.d to.tho junction portinna, and baked ai 400 4 C 
,to 500^ in air or a'nife^ 

ornwi rherehy sofli-rconnecting ,the parts, A method 
of evacuatmg ma airtiflhl vessel Will Da tiesenbed latwt 
a$\ The rearplaifl TCJOiihas a surjsirale 1001 lh»- 
^wmv^f' fQ r tM surf ace cbnouctton electron*emlt- 
eng'dftvicas i~lb^^ T 'tch^MM%M iaS¥d"iWM«-tiu»liiya m- 
te 0 kr& of 2 ormbre artii appVopnatelv set Iriaccordanca 
; ' wifn a target numDefWdlstflay Ehala: For example, in 
so'" 'a ! -o%play ap^t wf^l^^Ww^ 6 ^ 10 " display. 
' orsfa'rabiy N = 3.dd0pr more\ and; M = 1,000 or more. 
r in this emboolmeni; N = 3.071, and M = 1.024, The N x 
M surface coriductlon electrori-amlttiiig devices are ar- 
ranged in a simple matrix with M row wiring layers and 
„ sb n column wiring layers 1004 TTitj pumpn consUtuted by 
; : * ihe substrate 1001 ; the surface conduction eleclron- 
amUling devices 1 002. the' row wiiiiio layers 1003. and 
" lha column wiring i layers 1004 will be referred to as a 
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. multi-electron-beam source. The manufacturing meth- 
od and structure of the mufli-eleuLiuii souiuo win be de- 
scribed later in detail. 

In this embodiment, the subaUalo 1001 or in© multi- 
electron source is fixed to the rear plate 1005 of the air- 
tight vessel. Howevtti, if the substrate 1 00 1 of tha muitl- 
electfon source has sufficient strength, the substrate 
1001 itself -or ihe muW-elec iron source may De used as 
the rear plate of the airtipht vessel; 
; Fuitrwiiriuie, a phosphor film 1008 is formed on the 
tower surface of Hie face plate 1007. As this ernbocl- 
mcnt is a color display panel, the phosphor Rlrn 1006 is 
coated with red (R), green (G), and blue (B) phosphors, 
i.e., three primary color phosphors uswd in lltw ueneraf 
CRT field. As shown in Rg: 2 A. color phosphors 92 are 
applied in a striped arrangement. A black conductive 
material 91 is provided between the stripes of the phos- 
phors. The purpose of providing the black conductive 
material 91 'la to prevent dieplay color miaregbt ration 
ovon if the olociron boom irradiation positron b shifted 
to some extent, to prevent degradation of display con- 
trast by shutting off reflection of external light to prevent 
charge-up of the phosphor film 1 008 by electron beams, 
and the like. The black conductive material 91 of this 
embodiment mainly consists of graphite, though any 
Gtrw material may ha iisari as long as tho above pur- 
pose can be attained. 

The arrangement of the phosphors of the thrae pri- 
mary colors Is not limited to the striped arrangement 
shown in Fig. 2A. For example, a delta arrangement as 
shown in Fig- 2B or other arrangements may be em- 
ployed. 

For a color display, a slurry method is used to apply 
the phoscphora .92. However, even whon a printing 
method i? used for a color display, a similar coaling film 
oan bo obtained, oo a matter of oouroo. 

Furthermore, a metal baoU 1OO0, which b well- 
known in tho general CRT field, ic provided on tho roar 
plate 1005 aide surface of the phosphor film 1008. Tho 
purpose of providing tho metal back 1008 is to improve 
tho Gght^itillJation ratio by m irroNrof lectin g part of light 
*mitted from the phosphor film 1008, to protect the. 
phosphor film 1 009 from collision with negative ions, to 
use the metal back 1 009 as an ©strode for applying 
an electron beam accelerating voUag* e g . 10 kV.to 
use ths metal back 1009 as a conductive path of elec-. 
irons which avM fici the phosphor riirn i (XH anrilha Uka 
Thamstatback 1009 is formed by forming^ne phosphor/, 
film iCJUH on the face pfals TU0/. applying a smooihrng 
process (normally called filming) to the phosphor film 
surface, and depositing aluminum (Al) thereon by vac- 
uum deposition. Note that when a phosphor maie/lai tor ; 
a tow voltage la, used Tonne phosphor film 1008. the 
meia! back 1009 is not used 

Funhermore. for application of an accelerating volt- 
age or improvement of the conductivity of the phosphor 
mm transparent electrons made of, e.g. jTO may be 
provided between the face plate 1007 ana the phosphor ; 



film 1008. 

Referring to Fig. 1. refarancasyrnhnisUHi rn hkm. 
Dy1 to DyN. D7i to' fJ7i\j, anri hv danots electric con- 
nection tarmrnais tor an airtight amiclura provided to 
s electrically connect rhe display panp.r to an electric cir- 
cuit tnat snownj. I ha mrminalft ny.1 to DXM are electri- 
cally ennnfictflri m the row wiring layers 1O03of the m.ul- 
li-etectron source; Imr terminals Dy1 to DyN v io (he col- 
umn wiring layers 1004 of thfl miilti-filficJron snurcfi; the 
to terminals Dzlto D2N, to the column wiring layers 1004 
or another group: and the lerminai Hv. to the metal back 
1009 ot the face Plata. 

To evacuate the airtight Vassal, afterfbrmingthaair- 
tight vessel, an exhaust pipB and a vacuum pump (nei- 

is ther are shown) using nqfbitare connected, and the air- 
tight vessel Is evacuated to a vacuum OT about 1 0r 7 Tort. 
While keeping evacuation, the display panal is heated 
to B0*G tu 200* C »ntf baked for 3 or more hours to re- 
duce the partial pressuie of an organic gas. Thereafter, 

2° the exhaust pipe is sealed. To 'maintain tho vaujuiu in 
the airtight vessel, a igetter film (not shown) is formed at 
o predetermined position in [ the airtight container immo' 
diately before/after the sealing. The gettar film is a film 
formed by boating and evaporating a gottoring material 

25 mainly consisting of, e.g., Ba, by heating or RF heating. 
Tho suction effect of the getter film maintains a vacuum 
oM x 10*. to 1 x 10' 7 Torr In the airtight vessel. In this 
case, the partial pressure of the organic gas mainly con- 
sisting ot carbon and hydrogen and having a mass 

so number of 1 3 to 200 is set to be smaller than 1 tr« Torr. 
The basic arrangement and manufacturing method 
of me display panel according to this emDodtment have 
ueun described above. A method of manufacturing tne 
mulii-elecli'uf! source used In Uiu Uisplay panel auuve 

as wiB be described next. 

For the multi-electron source usod In tho imago dis- 
play apparatus of thia embodiment, any material or 
shopa of the surface conduction electron-emitting do- 
vioo may bo ompleyod oo long oa It io for a multi-oloo- 

*t* tron-boam ©ourco having ©urfaoo conduction olsctron- 
omitti ng devtc ©c arranged in a eimpi© matrix. However, 
the prosont invontorc havo -found that among. the, sur- 
face conduction oioctron-omitling devices, one having 
an eloetron-omilting portion or Its peripheral portion con- 

45 sisting of a fine particle Him b excellent in electron -emit- 
ting characteristic and can be easily man ufactu red. Ac- 
cordingiy. such a surface conduction electron-emitting 
rie vine rft the most appropriate surface conduction eli?»c- 
rrnn-fimitting device to be employed in a multi-electron: 

so haam fthurc-A nf a;hiGb^rjahtha?s t large-screen imagft 
display apparatus In rrift" flwpray panal of this emhnrii- 
mfinr, rhfl si.jnar.fi nonrinniinn filfiftTrnn-fimilfing flfivicafi 
each having an alftrr rnn-fimintng portion or tra pfinphar- 
al portion marlfi of a finfi parfirila filrn era usfiri First, rha 

& basin. structure, manufacturing method, and character- 
istic, of tha prftfarrari surf ana nnnHiiction alftnrrnfl»arniN 
ting fiavina wiH ha .rtawtrihart, >nrl tha stnir.iiira ot rha 
mulli-filactrnn source having many devices wired in a 
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eimplo matrix will ha described later. 

.^Preferred Structure and Manufacturing Method ol 
Surface conduction electron-emitting device 

The typical structure Ot tne surface conduction elec- 
tron-emitting device having an eleciron-emlLiMM portion 
or ils peripheral portion maae of a rme particle him in- 
cludss a plane typ« structure and a step type structure. 

^Plans Type sunace conduction uloution-amltting 
device» 



Th9 strueiure and manufacturing method of e piano 
tyn* sunace conduction etocinin-err.iltin9 device will bo 

desertcad first. 

Fio SA Is a clan viewof the plane typo surface con- 
ductlon eleciron-wnllting device. Fig. SB fe a sectional 
viewof (he plane typesurtaee conduolion eleelron-emU- 
tlng device. The structure of Iho plane type surface con- 
auction electron-emitting dovioo will be ctesc^ed Ra- 
[ B ,,b>g to Figs. OA and SB, reference numeral 1101 de- 
notes a subatrelc; 1103 and 1103, device alecfrodes: 
1104. a conductive thin film; 110S. an electron-emitting 
portion termed by a energization terming process: and 
1113, othin film formed by an activation process. 

As the substrate 1101 . various glass substrates of. 
e g., silica glass and soda-lime glass, various ceramic 
.JLtraes of. a 0 .. alumina, or any of those suteirales 
with an insulating layer conaisling of, e.g., -1O2 ona 
termed tharaon can be employed 

The device electrodes 11 02 and 11 00 termed on the 
substrate 1101 to be parallel 10 lis surface and oppose 
each Oiner are made of a conduotivo "*j 
ample, on* of the following ^^^^i"^ 
and used: metole euch oo Ni. Cr. Au. Mo. W. R. T. m. 
Pd and Ag. albys ol these materials, metal oxides such 
arb.pO3.inO2, end semiconductors such « POVSNI- 
coti The electrodes can be easily formed by the com- 
bined of o film-forming technique such as vacuum 
deposition and a patterning technique such as p a** 
fhogmphy or etching. hnwaVer, any other method (•*. 
' 0 printing technique) rnay be employed. 

The ehape of the riev.ce electrodes 1102 and 1100 
is appropriately designed in accordance wilt, an app - 
oatlon purpose, ol thn sunace conduction eleciion-errilt- 
ting device. Generally, a spacing L between the device 
Erodes 110? and 1103 Is deeiHiied to be an appro 
priate value «i a range from several hundreds A to ecv 
oral hundreds itm. The most pitiably range for on im- 
age display apparatus Is from several um loaaverol ions 
urn. As tor a mickness d of ihe device eleelrodea 1102 
and 1103, an appropriate value is gensmlly edootod 
from a range Iron several hundreds A 10 several |im. 

The conductive thin film 1104 is mode of e fine par- 
ible film l he "fine particle film" is a film whieh oontamc 
a lot ol tine particles (including an insular aggrogato). 
. Micmscnpic observation uf the fine particle film will re- 



veals that the individuel fine pariWns in the film are 
apocod apart from each other, adjacant to each other, 
or overlap oach other. 

Oie particle in the fine particle mm has a diameter 
s within a range Irom several A to several thousands A. 
Preferably, tho diameter falls within a range from 10 A 
to 200 A. The thickness of tho line partWft film is appro- 
priately oct In consideration of the following conditions, 
a condition naceesaiy lor electrical ™w»ftr^ to there- 
to vico otectrode 11 02 or 1103. a cnndition tor the forming 
precose to bo described later. « condition for setting the 
oloctric resistance of thn rlna particle film Itself to an ap- 
propriate value to be described later. More specifically, 
the thieknoss of the film Is set in a range from several A 
M to sevoral thousands A. and more preferably. 10 A to 
500 A 

Fnr example, materials used for forming the fine 
ps.mr.ia turn are metals such as Pd. Pt, Ru, Ag. Au. Ti. 
m cu Cr. Fe. Zn. Sn. Ta, W, and Pb. oxides euch oo 
w Hdd. SnO a . inab,. PUO. and 3b2 0 3 . boridee ouoh ae 
HfB*. Zr0a. LaB e . CeB S( YB* and GdB d , carbides such 
as TIC ZrC. HfC, TaO. SIC. and WC, nitrides euch as 
TIN. ZrN, HfN, semiconductors such as SI and Ge and 
wubona. An appropriate motorial is eelected from those 

25 m ® l ^ , ^ ocf fcod ab0VSi jn , his embodiment, tne con- 
ductive thin film 1 104 is formed using a tine Ff nlc ' 9 « lrn ' 
and Iho sheet resistance of thn nim is set total! within a 
range from 10* to 10* £l/Q 11D . 
30 As it Is preferable mat the conducttve Um i Abu 11 04 
s electrically connected 10 the device siwctrodes 11 02 
and 1103 may are arranged sous to party overtop oach 
other Referring to Figs. 3A and 3B, the reapeetrvo parte 
are stacked in the Mowing order from tho benom: the 
a» subsuate |i01.U.edevicaeteelrodo6l1p2(1l03).and 
the conductive thin film 1104. The overlapping order 
may be: U.e substrate 1101, tho conducts th.n hbn 
, |04. and the device eloctrodoe 1102 (1109). from rha 

bottom. . 

Tho electron omitting portion 110B « M I por- 
tion formed at a part of tho conductive tnin film 1104. 
The electron-emitting portion 11 OS has an electric re- 
sidence higher than that of the peripheral conductive 
thin film 1104. The fisenra portion Is formed bv Uw en- 
H ergizafion forming prdceaa on the . conductive tW Um 
1104, In some cases, particles, having a diameter of 
covaral A to several hunrtrads A are arranged within the 
fiesure portion. As it is difficult to exactly illustrate the 
actual position an« shape of the electron-emitting pat- 
ss tion 1105, Figs *A and 33 show the fissure portion 
schematically ■ 

The thin film 1 113, Which consists uf carbon ore car- 
bon compound covers the eleolfori-emitting potion 
110S and its peripheral portion. The thin film 1113 is 
«.? formed by the aniivation process to bu described later 
after the enerrjbato forming process. . 

The Ihin mm 1113 is preferably made of monocrya- 
taiiine graphite, polycrystalline graphite, amorphous 
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carbon, or a mixture thereof, and its thickness is 500 A 
or leaa, and more particularly, 300 A or less. 

As il ia difficult to exactly illustrate 111 6 actual posiilon 
or ahepe of the thin film 1 1 1 3, Figs, 3 A and 3B show me 
film schematically. Fig. 3A Is a plan view showing the s 
device In which a pan of the thin film 1 1 13 Is removed. 

The preferred basic device structure of the surface 
conduction elecU'on-eniiUif jq device of this embodiment 
has been described above, In this embodiment, actually, 
the following surface conduction electron-emitting ce- to 
vice ia used. 

The subat rate 1101 consists of aoda-limg glass, and 
the device electrodes 1102 and 1103, an Ni thin Rim, 
Tho thickness d of 1h* device electrodes 11 02 and 1 103 
is 1 .000 A, and the electrode spacing L is 2 um As the 1S 
main material for tho fine particle film, Pd orPdO is used. 
The thickness and width W of the fine particle film are 
respectively set to about 100 A end 100 um 

A preferred method of manufacturing the plane type 
surface conduction electron-omitting device will be de- so 
scribed next. Figs..4A to 4D are sectional views for ex- 
plaining steps in manufacturing the plane typo ourfoco 
conduction eleclrcn-emiiling device of this embodiment. 
The same rale ranee numerals as in Figs. 3A and 3B de- 
' note the same parts in Figs. 4A to 4D, and a detailed *5 
description Thereof will be emmert 

t) Fist, as shown In Fig. 4A, the device electrodes 
1102 and 1 103 are formea on trie substrata nov 

tn funning these device electrodes 11 02 and 1103, 
the substrate 1101 js Mly cleaned with a detergent, pure w 
water, and then an organic solvent, and a material for 
the device electrodes 1102 (1103) Is deposited on the 
oubairate 1 1 01 . As a depositing method, a vacuum film- 
forming technique such aa depoeltlon or sputtering may 
be used. Thoroaflor, tho dopoailed electrode material is os 
patterned by a photolithographic otching technique. 
Thus, the pair of device eloctrodoc 11 02 and 1 1 03 in Fig. 
4 A are Formed. 

9) Next, as shown in Fig. 4B, the conductive th in film 
110dta Inrmart 

In rorming the ennriuctiyo fhin film 1 104, an organic 
metal solution is applied to the auhstrata 1101 prepared 
in Fig. dA [irar, and me apnliart solution is then dried and <*5 
sintered thereby forming a fine particle film. Thereafter, 
tne Tine particle mm is patterned into a prfldeiamninftri 
shape by the photolithographic etching method. The or- 
ganic metal solution means an organic metal compound 
solution containing a material for fine particles, used lor so 
the conductive thin film 1 104. as main element. In this 
embodiment. Pd Is used as the main element. In this 
embodiment, application of an organic metal solution is 
performed by a dipping method, however, a spinner 
method or spraying method may be used. 

As a method of forming the conductive thin film 11 04 
made uf the fine particle film, the application of an or- 
ganic metal solution used in this embodiment can ha re- 



placed with any other method such ae a vacuum depo- 
sition method, a sputtering method, or a chemical vapor 
depnsitlon method. 

3) As shown in Fig.' 4C, an appropriato voltago ic 
applied between the device electrodes 1102 and 1103, 
trom a power supply 1110 lor the energization forming 
process, and the energisation forming proccc3 b per- 
formed to form the electron-emitting portion 11 OS. 

The energisation forming process hero ie a prooecc 
or performing electrification for the conductive thin film 
1 1 04 marl* of a fine pertMa Rim to appropriately destroy, 
daform. or ri«tariorat© a part of tho conductive thin film 
1104, thernhy changing tho film 1104 into a structure 
suitable lor Alactron emission, in tho conductive thin film 
1104 made of Iha fino particle film, tho portion changed 
Into the Structure suitable* frv alnctron emission (i.e., tho 
electron-emitting portion 1105) has an appropriate hs- 
sutu in the thin Ttlm. Comparing iha ihtn film having the 
electron -emitting portion nOa wilh the Thm tiim before 
the eneioizailon forming process, the electric resistance 
measured between the device electrodes 1102 and 
1103 has greatly inuieased. 

An electrification method for the energization form- 
ing proceas wiO be described in detail with reference tu 
Fig. 5 showing an example of the waveform of an ap- 
propriato voltage applied from the power supply 1110 
for the energization lorming process. In the energization 
terming process to the conduotivo thin film 1104 mode 
of a fine particle film, a pulse-like voltage Is preferably 
employed. In this embodiment, as shown In Fig. S, a tri- 
angular pulse having a pulse width T1 is continuously 
applieo at a puiae interval T2. In this case, a peak value 
Vpf of the triangular pulse ts sequentially increased. Fur- 
thermore, a monitor putse Hm is supplied oetwaan rhft 
tiiaiiqular pulses at appropriate intervals to monitor ma 
formed auale of the electron-emitting portion 1105, and 
the current il lat riuws at the supply of the monitor pulse 
Pm is measured by on ammeter 1111. 

In this embodiment, in a 10" c Tori vauuuin atmutr 
phoro. tho puleo width T1 is sot to 1 msec; and the purse 
interval T2, to 10maec. The peak valueVpf Is increased 
by 0. 1 \J X ot each pulse. Each time five triangular pulaee 
are applied, ono monitor pulae Pm b supplied. To avoid 
adverse eMootc on tho onergtzation forming process, a 
voltage Vpm of tho monitor puis© ia set to 0.1 V. When 
the electric resistance botweon tho dovico electrodes 
1102 and 1103 becomes 1 x 10 6 £i, Lo., tho ourront 
measured by the ammeter 1111 upon application of tho 
monitor pulse becomes 1 x 10-7 a or loss, olootrifioation 
for the energi2atbn forming procees le terminated. 

Note that the above method is preferable to th© sur- 
face conduction electron-emitting device of this embod- 
iment In ease of changing the design of the surface con- 
duction electron -emitting device concerning, e.g., Iha 
material or thickness of the fine particle film, or tho spac- 
ing L between 1he device electrodes, the conditions for 
electrification are preferably changed in accordance 
with the change in device design. 
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A) As shown in Fig. 40. an appropriate voltage is 
applied next, from an activation pnwar supply 1112. be- 
tween the device electrodes 1 10V anrt 1 103. and the ac- 
tivation process Is performed to imprnva tna eteciron- 
emiciing characteristic. 

The activation process here is a prnrnss or panarm- 
jng electrification of the electron-emitting porrlnn lt05 
farmed by the energualion forming prnnflss, under ap- 
propriate conditions, to deposit a r_*rhon or carbon com- 
pound around the electr«n-«mitllng portion 1105 (Fig. 
40 shows the depositRri material or tne carbon or carbon 
compound as th* malarial m3}. Comparing TtlG eiec- 
tron-enllting portion 11 05 with that bsfore the activation 
process, the emission currant at the 6ame applied volt- 
age can hn increased typically 1 00 times or more. 

Thfl actuation process Is performed by periodically 
applying a voltage pulse in a 10* to 10-s Torr vacuum 
atmosphere to deposit a carbon ui carbon compound 
mainiyderived from an ornanic compound existing in the 
vacuum atmosphere, Tiie deposition material 1110 ie 
any of rnonocrvstalline graphite, polyerystalline graph- 
ite, arnui pi ious carbon, and a mixture thereof. The thtok- 
ness of the deposition material 1113 is 500 A or less, 
and more preferably, 300 A or locc. 

Fig. 6A shows an example of the waveform ol an 
appropriate volt'ago applied from the activation power 
supply 11 12 so as to explain the electrification method 
in Fig, 4D In more detail. In this amrwlimant. the acti- 
vation process Is performed by periodically applying a 
constant rectangular voltage. More specifically, a rec- 
tangular voltage vac shown in Fig. 5A Is set to 14 V. a 
puisA *iriih T3. to i msec; and a pulse intei vai T4, to 1 0 
msec. 

Reletting to Fig. 4D. inference numeral ni4 de- 
noies an anode elecUudw connected to a DC high-volt 
age power supply 111S and en ammeter H16tooopturo 
an emission cunent le emitted fremthe surface conduc- 
tion elcctiun-emitting device. Nolo that whon the sub- 
atrate 1101b incc>rpcr©ted into the dieplay panel before 
Una activation procosc, tho phocphor ourlaeo of the dis- 
play panel ie ueod ac tho anode ©factrode 111 A. 

While applying a voltage from the activaiion power 
supply 111 2, the ammeter 1116 measures the amission 
current le to monitor the progress of the activation proc- 
ess sons to control the operation of the artivancn power 
supply 111 2. Fig- 68 shows an examnla nf lha amission 
current le measured by the ammatar in 6. AS applica- 
tion of a pulse voltage frnm lha activation power supply 
1112 ie started, the emission current le Increases with 
the elapse of time, gradually reaches saturation, and 
rarely hcreasesthen. At tha substantial saturation poinl 
of the omission current la, tha voltage application Tram 
the activation power supply Til 2 IS stopped, and the ac- 
tivation process Is then terminated. 

Mole that ths ehova electrification conditions are 
preferable to manufacture the surface conduction elec- 
tron-emitting davir.fi of this embodiment, When the de- 
sign of the surfacp. conduction electron-emitting device 



is changed, the conditions are preferably changed in ac- 
cordance with the uhanye in device design. 

The plane typo suifaue conduction electron-emit- 
ting device 3hown in Fiys. 3A and 3B is manufactured 
5 In the above manner. 

«Structure of Multi-electron Source Having Many 
Devices Wired In Simple Maiii*» 

to The structure of a mulli-electron-beom source in 
which the above-described surface conduction elec- 
tron-emitting devices are arranged on a eubatrato and 
wired in a simple matrix will bo described below. 

Fly. 7 is a plan view showing the multi-electron 

1$ source used in the display panel shown in Fig. 1 . The 
plane type surface conduction electron emitting dovicoe 
each having the same structure as described above are 
arranged on the oubctrato. These devices are wired in 
a simple matrix by the row wiring layers 1003 and the 

40 column wiring lay*' 8 1004. At intersections of the row 
wiring layers 1003 and the column wiring layers 1004, 
ineu feting layers (not shown) are form** harwaan the 
wiring layers such that electneal insulation is main- 
tained. 

25 Fig. Boa sectional view taken along a line A - A* in 
hig. y. The same reference numerals as in Fiu.. 7 denote 
the same pans In Fig. a. end a detailed description 
Thereof will be omitted. 

The multi-electron source having the abovoatrue 

30 lure Is manufactured in the following mannor. Tho row 
wiring layers 1000, the column wiring layorc 1004, the 
interelocirode insulating layore (not shown), and Ihe do- 
vice electrodoc and conductive thin films of the surface 
eonduotion electron-emitting devices are formed on tha 

ss cubetrata in advance. Thereafter, a pnuvRr is supplied lo 
the respective devices through tha row wmng layers 
1 003 and the column wiring layers 1UIM by the method 
of the present invention to perform the energization 
forming process and the activation process, thereby 

40 manufacturing the multi-electron source. 

«Electron-Bmittinfl Characteristic Memory Function» 

The eleclrou-wmltting characteristic memory func 
us tion ol the surface conduction electron-emitting device, 
which is a feature of the present invention, will be de- 
scribed below. 

In this embodiment, the surface conduction elec- 
tiun-emilting device itaeff ta imparted with a function of 
bo storing its electron-emitting characteristic (to be referred 
to as an -electron-emitting choraetorictio memory func- 
tion" hereinafter) auch that Q predetermined otectron- 
emitting characteristic is stored in unite of surface con- 
duction electron-emitting devices. 
ss A method of imparting tho electron omitting charac- 
teristic memory function to the surface conduction elec- 
tron-emitting device, and a method of cotting 3 prede- 
termined eleciron-emitting characteristic for each de- 
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vice and storing the electron-emitting characteristic into 
each device by using the memory function will be de- 
scribed botovv. 

As the eleclron-omitting characteristic to be stored 
using Ihe memory function, the electron-emitting effi- 
ciency is preferably high. Tor this purpose, the above 
deserbed activation process is preferably performed In 
advance Lo improve Lhe eteclron-omilUng charaoloriGtio. 

To impart the electron -emitting characteristic mem- 
ory function to the surface conduction electron-emitting 
device, predetermined ambient conditions must be set 
for ihe surface conduction electron-emitting device. 

Improvement of tho electron-emitting characteristic 
by the activation process wiO bo described first. 

As described above, when the electron-emitting 

port Inn tit \ha siirfarn ronrJimtinn olnntrnn-emitting de- 
Vice is to &e lormed, a process (energization forming 
process) ot rlowing a current through the cenriucrrvfi rhin 
Rim nua to partially destroy. deTorm. or derenorjirft lhe 
thin nim and form a fissure, is performed. Thereat ler, me 
activation process 16 preferably performed, as de- 
scribed above, the activation process Is a process of 
peifurnring electrification of lhe electron-emitting portion 
1 105 formed by the erierpjzation forming process, under 
appropriate conditions, to deposit carbon or a carbon 
compound near the electron-emitting portion 1105. For 
example , h a vacuum atmosphere where an organic 
substance at an appropriate partial pressure exists, and 
tho total procGuro is 1 0- 4 to 10- 5 Torr, a voltago puloe b 
periodically applied With thie process, any ono of 
monoerysialline graphite, polycryetalllne graphite, 
amorphous carbon, and a mixture thereof is deposited 
near the eleetron-emtnlng portion 11 OS to a thickness of 
500 A or less. The above vacuum atmosphere can be 
aehievAri by evAniiAiing the vacuum vessel hy using sn 
oil ainusian pump or a rotary pump, tnougn this atmos- 
phere can also fia achieved oy evacuating the vacuum 
vessel by a vacuum pump using no oil and simultane- 
ously Introducing an organic gas. Various organic gases 
are available, Including aromatic hydrocarbons. The 

type of gab and He partial pressure may be appropriate 

setectad In accordance wlih the material and shape of 
lino suifacu cot iduetiorr electron-emitting device. In ad- 
dition, the waveform of the voltage pulse to be applied 
may ateube appropriately selected in accordance with 
the materia) and shape of the surface conduction elec- 
tron-omitting device. 

Comparing the surface conduction electron-emit- 
ting device after the activation process with that imme- 
diately after the energization forming process, the emis- 
sion current at the asms applied voltage can be in- 
creased typically 100 times or mors. 

The environment necessary for realizing the elec- 
tron-emitting characteristic memory function will be de- 
scribed below, 

To satisfactorily realize the memory function, the 
portlal pressure of the orgonlc gas In tho vacuum atmos- 
phere around the surface conduction electron-emitting 



device must be reduced not to newly deposit carbon or 
a carbon compound at the electron -emitting portion or 
its peripheral portion even when a voltage is applied to 
the surface conduction electron-emitting device, and 

s this state musi be maintained. 

Preferably, the partial pressure of the organic gas 
in the atmosphere is reduced to 10" 9 Torr or less, and 
thie elate is maintained. II possible, the partial pressure 
is prelerably maintained at 10" 10 Ton or less. Note that 

*o the partial pressure of the organic gas la obtained by 
integrating the partial presaurea of organic molecules 
mainly oonobting of carbon and hydrogen and having a 
maes number of 1 3 to 200, which is quantitatively meas- 
ured ucing a maoc opootrograph. 

is Atypical method of reducing Ihe partial pressure of 

tho organic gae around tha eurfaoo oanduction oloctron- 
emitting device is as follows. The vacuum vessel incor- 
porating the substratg on which the surface conduction 
oleetron-emluing device is formed is heated. While de- 

20 sorbrng the organic gas molecules from the surface of 
each member in the vessel, vacuum evacuation is per- 
formed using a vacuum pump such aa a aorpuon pump 
or an Ion pump using no oil. 

After the panfeti pressure or tne organic gas Is re- 

20 duced in this manner, this state can be maintained by 
comirruyusly performing evacuation usinu, the vacuum 
pump with no oil. However, this method using the vac- 
uum pump for continuous evacuation has disadvantag- 
es in volume, power consumption, weight, and coat do- 
se ponding on the application purpose. When tho surface 
conduction electron omitting doviooo aro to bo applied 
to an Image display apparatus such as a display panel, 
the organic gas molecules are sufficiently desorbed to 
reduce the partial pressure of the organic gas, and 

35 thereafter, a getter film is formed in the vacuum vessel 
and *l the *anv* time, tha exhaust pipe is sp-fllerl, there- 
by maintaining thfl stale 

In many cases, the origin of the organic gas remain- 
ing In the vacuum atmosphere is the vapor of an oil used 

AO jn the vacuum exhaust unit such as a rotary pump or an 
oil diffusion pump, or the residue of an organic solvent 
ussd in the manufacturinq processes of tha surface con- 
duction elecUon-wniUing device. E*amples of the or- 
ganic gas are aliphatic hydrocarbons such as alkane, 

*s alkeno, and alkyrie, aiuntfiiic hydrocarbons, alcohols, 
aldehydes, ketones, amines, phenols, organic acids 
such as carfcoxylic acid and sulfonic acid, or derivatives 
of the above-described organic substances: more spe- 
cifically, butadiene, rr-hexane, 1-hoxeno, benzene, lol- 

so uene, Oocylene, benzonftrlle, chloroethylene, trichlo- 
roethylene, methanol, ethanol, Isopropanol, formalde- 
hyde, acetaldehydo, acetone, methyl ethyl ketone, die- 
thyl ketone, methylamine, ethylamine, acetic acid, and 
propionic acid. 

SS The electron-emitting characlerialic memory func- 
tion exhibited by the surface conduction electron-emit- 
ting device in lhe above environment will be described 
bebw. 
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Tlie present inventor* drove o surface conduction 
alectron-emillina device having undergone energBaiten 
formino process and activation precesc m an almos- 
pnere Where trie partial pressure of an organ* gas was 
reduced, and measured its electrical oharactenstrcs. 
ng3.9Aana9S, 10A,and 10Dare gmphc ehowmg the 
electrical characteristics. 

Figs 9A and 98 are graphs showing the voltage 
waveform of a drivi. .« signal applied to the eurf aee con- 
duction electron-emitting device. Tho abscissa repre- 
sents trie lime a*ia; and ihe ordinate, tha voltage (to b« 
referred to as a device voltage Vf hereinafter) applied In 
me surface conduction electron omitting dovic* 

As shown in Fig. SA, ooneecutlve rectangular vott- 
aqe pulses were used so a driving cignal. and the applr- 
«ita 1 pericKlofthevoltagopul e e 6 «a S divMnd.ntolhr B e 

period namefyfirattothirdperiode. Ina^hpariod. 00 
pulses having tho came width and height ware applied. 
Fig. 9Dls an enlarged view of the waveform Of such a 
voltage pulao. 

Measurement conditions were: pulse width T5 - 
B6 9 usee and pulse period 16 = 16.7 msec in each pe- 
riod These conditions wars determined with relerence 
to the «andard rtriving conditions set when a surface 
conduction etertrm-emitting device was applied to a 
qeneral TV r aeetver. Howbvui , tine memory function can 
ba m«wurad under other conditions. Notslhal meas- 
urement wasperfommdwhiletheimpcd^cs^ 
path f mm a driving signal source to each surface i con- 
duction eteubon-emitting device wa« ; euffie en.ly re 
ducedsuch that both a rise lime Tr and a ftf tone Ifof 
a voltwe pulse effectively applied to the surface con 
LctSelectron-emltting device became equal to or 

lower lhan 10O nooc. 

The device voltage Vf was VI = Vfl In tna first end 
thiid pertode. and W as Vf = VK in the second period. 
Both the voltages VI1 andVta were sectobeh-yher than 
tho electron emiesinn threshold voltage uf aacti surface 
conduction electron-entitling device end to aatbfy Vfl < 
Vf2 Since tho electron emlsaion threshold voltage var- 
ies depending on the shape *"d material of a euriaee 
conduction aisctron-emlllir.g device, theee voltages .arc 
aperopriately set in accordance w»h e eurfooo conduc 
tion aJeniron-emlttlng deviue to be measured. 

With regard to an atmosphere around the surface 
induction electron-emitting device In ° measurement 
operation, tne total pressure wea 1 x ^ Torr ^d 'hn 
paniat pressure of an organic goo wee i x 10 Torr. 

ROS. lOAand 10Bare graphs chowingthe etectr«fll 
characierbLicu ul the surface conduction 
tingdevlce upon application of Ihodnvrng 
m nn< 9 A iii id 9B Referring to Fig. 10A, the ahsnissa 
Z » S?££U4 v«; and the ertinata The 
measurement value ol a eurront (to be referred to as an 
SE^I.h«lnQM.««^«7»«--'^ 
conduction electron-emitting device R^nng •» 
OB, the abscissa represents Ihe device volta 0 e v and 
lha ordinate, the measurement value of a current (to be 



referred to as a device current l( hereinafter) flowing In 
the surface conduction electron-emitting device. 

The (device voltage Vf) vs. (emission current lo) 
rharar.tarlstlc snown in Fig. 10A will be described frrct. 
s In the first period, the surface conduction electron-emit- 
ting device oupuis an emission current according to a 
characteristic curve lec(1 1 in response <oa driving pulse^ 
m lha rise limeTrof the driving pulse, when the appliod 
voltage Vf exceeds Vth1 , the emission current le abrupt- 
10 iy increases according to Ihe characteristic cuivo loc(i ). 
in the period or Vf = Vfl. i.e.. tho Interval TS. the omis- 
sion current le is Kept at lei. In the tall time Tf of ihe 
driving pulse, Ihe omission current le abruptly decreas- 
es according to the characteristic ourvo loe(t ). 
15 In the second period, when application cf a pulse 
given by Vf = V12 is started, tho characteristic cuive ler. 
(1 ) changes to a characteristic curve lec(2). More spe- 
cifically, in the rise tlmo Tr of the driving pulse. wh«n the 
applied voltage Vf oxooode Vth2. the emission niirrent 
co io abruptly Ineroaeee according to the rharactarrstic 
curve lec(2). In the period of Vf = Vf2. ue„ ihe interval 
T6, tho emission current la is kept at Ie2. In We tall time 
Tf of the driving pulse, the emission current le abruptly 
decreases accntrtrngto the characteristic cu.ve lec(2). 
as In the third period, aitnough the puba given by vf ^ 
Vf1 is applied again, the amission current le ehangea 
according to the charade risliu curve lee(2). More apo- 
erncally. in tne rise lime Tr ot the driving pubo, when tt» 
applied voltage Vf exceeds Vlh2. the omiee.cn cur ant 
*, ^abruplly Increases according to the 

curve lec(2). In the period ol Vf » Vh ...«-. he interval 
T5 the emission current lo is kept at Ie3. In the fall ttma 
Tt 'dt the driving pulco, the emission currant ta aDrupuy 
decreases aoeoroingto the characteristic curve lec(2). 
as ao described above. In thR third period, since the 
characteristic curve lec(2) in the second Period Is stored 
in the eurfaca conduntinn alecUon-emlltlng device U.a 
emission currentlnbacomes smallerthanthat in the first 

M P * f "Sih regard to Ihe (device voltage Vf) vs (dovfca 
evirmnt it) characteristic as well, as shown in F,g. 10B, 
the surface conduction eleclron-emitting dev.ee oper- 
atas accoreling to a characteristic curve lfc(l) rn thofiret 
period, in thesecondpertod, however, ^^^T 
« atas according lo a characteristic curve »J)J"*» 
third period, the device operates acoording to the char- 
acteristic cut ve lfc(2) stored in Ihe cocond parted. 

For the sake ol descriptive convenience, only the 
tnree periods, i.e.. the first lo third periods, are eel As 
so is apparent, however, the above phenomenon that the 
charistic curve b stored is not limited to th^ond,- 
tlon In applying a pulee voltage to a surface conduction 
^liremitting device having a ""-JJ^-J"; 
when a pulse havng a voltage value larger than hat oi 
ss a p^viously applied pulac ic applied, s. diaraelenst.n 
cun/e of Ihe device shifts, and the resultant character- 
istic is stored into the device. Subsequently the eharan- 
teristic ol the device is kept stored unless a pulse having 
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a larger voltage value is applied to the device. Such a 
memory function has not been observed in ulher emis- 
sion devices including FE type emission devices. This 
/unction is therefore unique to a suifaue conduction 
electron-em ittinfj device. 

In mis embodiment, when tl iu multi-electron source 
having a large number or surface conduction electron- 
em il ling devices is apyliyd kr a display peine!, tne mem- 
ory function is positively utilized to enable appropriate 
white balance control. 

More specifically, in xh Id embodiment, ihe (emission 
current lo) vs. (device voltage Vf) chaiacteirslic of each 
surface conduction electron-emitting device is set In ac- 
cordance with the sensitivity of a corresepoi idinq phos- 
phor and stored by the memory function. 

Mora specifically, the characteristic of each surface 
conduction electron-emitting device is set in accordance 
with the (light omiecion luminonco) vs. (irradiation cur- 
rant) characteristic- of a ©orrooponding color phosphor 
such that a deelrad color balanoo oon bo obtained In 
this embodiment, phosphors of red (R), green (G), and 
blue (8). i.e., the three primary colors, are ueed, and tho 
characteristic of each surface conduction electron -em it- 
ting device is fifnrfiri sunn that a satisfactory white bal- 
ance for the emission colors can be obtained when the 
same accelerat frig voltage is appiiArt to ih* respective 
color phosphors, and at The same time, me same driving 
voliags Is applied to the surface conduction electron- 
emitting devices for the respective colors to Irradiate 
electron beams. For example, lo sul a while balance 
when the sensitivities (light em fss Ion luminal lctj/frrad ra- 
tion current) ot the three primary color phosphor are 
given as - C > n •> B*, the electron'omitlfng characteris- 
tics (tho magnitude of the emission current I© obtained 
upon application of the sams voltage) ol the surface 
conduction oloctrcn-omlttlng dovloos of tho respective 
colore are eat ae m B devico > H dovioo > G dovieo tt and 
stored That is, in Figs. 1 0A and 10B, the characteristic 
curves ol the respective color devices are sat to be ar- 
ranged in this order: B device, R deviee, and G device 
from toft fn righf Rirta, and stored. 

Fcr this purpose, ihft pArtial procure of an organic 
gas m a vacuum atmosphere is sufficiently reduced, and 
TrWAftMftr. a vnttflgA pnlsa Is AppllArt to each device for 
each color to srnrA me electron-Am itting nhar^terfetic. 
The peak values of voltage pulsAsio ha Applied are set 
to satisfy "6 device > R device > B device*. Note mar 
100 or more voltage pulses are preferably applied lor 
the memory function such thai the electron-emitiing 
characteristic to be stored is stabilized. For the descrip- 
tive convenience, only a qualitative description has 
been made above. In fact, however, the shin amount ol 
each characteristic curve was quantitatively set cn the 
basis of Ihe sensitivity ratio of the respective color phos- 
phors and the characteristic curve of the corresponding 
surface conduction electron-emitting device, so that the 
peak value of the voltage pulse for the memory f unction 
was quantitatively determined. 



As dasr.rihAd above, after different electron-omit- 
Ting characteristics are stored In units ol suriace con* 
ductinn electron-emitting devices for the recpocliv/e 
colors, the devices are drivon on tho basis of imago in- 
5 formatlnn to practically perform imago display. At this 
time, ihA maximum voltage of the driving signal is sup- 
pressed lo the peak value or less of the memory voltage 
pulse such that the driving signal applied lo the devices 
for display does not shift the stored characteristic curve. 
*<> To main te in Ihe memory function even during image dis- 
play, the pertM pressure of the organic gas component 
In Ihe vacuum Atmosphere la kept low, as a malior of 
course. «Whitn Rylance Control» 

While Balance con I ml of this embodiment will be de- 
15 scribed below in more daiail. 

A storing process of changing ma Alftrrtrnh-amifrinp 
characteristic of the surface conduction electron -a mir- 
tlng device of this embodiment Will be described caiow 
wliii inference lo Figs. 11 and 12. in this embodiment. 
50 the partial piessure ol an organic gas In the display pan- 
el Is reduced in the above-described manner, and there- 
after, the elsctron-emittaig chfii aeiui is Ik; of eadi wji- 
lace conduction electron-emitting device is corrected 
using tho momory function. rirat, the electron-emitting 
25 characteristic to be corrected in accordance with the 
Ijght amission charaotoristio of each of the red (R). green 
(G). and blue (B) phosphors is examined cn advance. 
More spec Ifieally, assume that since the euHace con- 
duction electron-emitting devices are arranged in corre- 
30 spondenca with The R, G. and B phosphors of the phos- 
phor film 1008 in Hg. T . the electron-emitting character- 
istics 01 the surface conduction eiectron-emMIng devio- 
us are uniform, in mis case, the light emission luminance 
chaiauiertsilcs of the respective colors with respect 10 
3£ an irradiation uuirent Je as shown In Fig. 253 can be 
obtained. In Fig. 11, Uib R, G, and B light emission lu- 
minance curves indicated by sulld curvus we the s»rn« 
Q3 the characteristic curves shown In Fig. 26 B. In Fig. 
11, when the irradiation current donaitioa Jo from the 
<m surface conduction aloctron-emitting devices are iden- 
tical, light omiecion lumfnanoe curves R p and B' are ob- 
lained by plotting tho R and B light emission luminanooc 
for attaining a whit a balance referring to tho G light omic 
ston luminance, as a rocult of color mixing by light omic 
45 sion from the R, G , and B phosphor©. Tho ourvoc R and 
B' will be re/erred to as reference light emieaten lumi- 
nance curves hereinafter. 

Depending on the light emission luminance charac- 
teristic of a phosphor to be used, the reference light 
so Amission luminance characteristic curve FT lor oblaining 
tha white balance shifts from the actual light emission 
luminance characleristic curve R, as shown in Fig. 11. 
This Also applies to the reference light omission lumi- 
nancfi characteristic curve B' and the actual light omis- 
sus Rtnn luminance characteristic curve S of tho B phosphor. 
Thftralore. an amount corresponding to the shift be- 
tween the reference light emission luminance charac- 
teristic curve and the actual light emission luminance 
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characierlsito curve is the electron omitting eharacteris- 
tie to 08 corrected. 

A method ol d i&iiqing the electron omitting eharae- 
tehstic Will be described below in detail with reference 

Referring to Pi9- 12, a curve 120 repress the 
aieet/cn-emlulng characteristic o( a surface eonduc».on 
oieeiron-emlulng device group corresponding to R 
phosphors: a cu.ve 121. the etectron^mirtng charac- 
teristic of a surface conduction olcctron-emitting device 
oroup correspunding to C phosphore; and a curve 127, 
the elearon-onVrtting oharectorictio of a surface conduc- 
tion elsetron-emitting device group corresponding to B 

Ph ° As described abovo, when mamory vnllaga pulses 
each having a different maximum peak, value Vmfflt are 
appSedin advance to the surface conduction electron- 
emitunfl devicos of the rospectiv/a colors, the etectron- 
Brnliilngcharaotorietlcs can bechanrjad. A memory voit- 
agapufeo having a maximum peak value Vmax-R is ap- 
plied is the device group having the electron-emitting 
diaraaerietic 120. a mamory voltage having a maxi- 
mum peak vafue Vmax-G Is applied to the device group 
havingiha elnfitron-emltllng rfiaiactenstic 121, and a 
mamoty voltes pulse having a maximum peak value 
Vmax-8 is applied to the device group having the oiee- 
tro.w^tingcharacteristic12^ 
aiearm-emiulng cha-ecteristlc curves ef the ^ 
coloreasshovimlnFig.iacanbeobtained.As^^pp^ 

em (ran Ilia abovo description, Vmax-B < Vmax-H < 
VnS. The emission current values at the pea* value 
Vt of the driving puloo aro given as 1G «r I R < m. 

Asdescrfbedabove, according to this embedment. 
iheel««ror.om.tting characterise^ 
ductlon elootron-emitting device groups of the r^ec 
live oatarc are changed. Wilh this processus, Ihe l.ght 
emission luminance curves a. R. and B in F.g. 11 can 
bo adjusted to mntch the light emission um.naneo 
curvesG. fV, and B' tor obtaining a white balance. 

The present inventors prepaid a surface conduc- 
tion atectron^miulng device while netting iho dovtee 
.■.strafe spacing L = 3 P"> and ihe 
' poriica width W * 300 urn. Under cond.bono 

Ins* between tha anode and ihs surface ^uct«n 
elertron-emiitlng device was * mm. tho vacuum In ma 
vl urn vessel was 1 x 10- Torr (the partial P"*™ B °< 
^ organic material: 1 x 10"« Torr or lees)^ 
SSd the anode electrode was 1 
emitting characteristic was measured. As a result, whan 
rpSv3ueofamar^ry PU loowas15. 0 V,^amte. 

^current was 1 .4u.A. When the peak valua !£> 
V. remission currents 0.7uA When 1he peaN lval- 
ue was 1 s;a V, tho emisoion currant was 0.5 1' Ajhe.e 
emission currents were measured by applying the Volt- 

398 1 dJs 4 crM above, aocording •"^•^SS 
different memory wavsformc are applied to inn surface 
conduction electron-emitting devices in accordance 



with the light emission luminance characteristics of the 
corresponding phosphors in advance, thereby changing 
lha electrort-emilunfl characterises of each surface 
ennfluction eleciron-emitting device. With proea«. 
s ing. the white balance of the phosphors can be easily 
maaa optimum. 



«<uascripllon of Display Operalion=-s- 

to An arrangemeni for actually performing a display 
operation on «.» display panel prepared in the ateowe 
manner will bo descrbod below. . 

Fig 13 is a block diagram schematically showing 
tfia amercement of a driving, circuit for performing TV 
1$ display on tha basis of an NTSC TV signal. Referring to 
Fiu | 13. reference numeral 101 danotae tha display pan- 
el'' 102. a scanning circuit; 103. a control circuit; 104, a 
shift register; 105. a lino memory; 106. a synrhrnnizmg- 
sional separating circuit; 107. a modulating signal gan- 
£0 Jktor. and 1 08. a gamma correction circuit. Reference 
symbols Vx and Va denote DC voltage sources. The 
funotlone ol lha respective components will be de- 
scribed below. The display panel 10 1 Is connected to an 
external elar.tronic circuit through Ihe luminals Dxl to 
ss DxM. the terminals Dyl to DyN. and the W^ga 
terminal Mv. Scanning signals tor sequentially driving 
the sunace conduction electron-emitting devloo groups 
arranged In the multi-electron source in Iho Replay P an- 
61101 I a., hi on M x N matnx one row (N devicos) at a 
3S time are supplied to the terminals Dx1 to ^JWoJ.- 
lalinu signals for controlling output electron beams tmm 
U .a respective surtaoo conduction elaetron-em.tttng da- 
vices of one row which Is selected by rh« scanning sig- 
nals are supplied tothe terminals nyl to DyN. ADC volt- 
es age of, e.g.. 1 0 kV is applied from ina DC voltage source 
Va to the hlgh^oftag* Inrminal Hv. TWS DC vullawe Is 
an accelerating voltagfl lor imparting tna elecuu. . beanis 
output from tha surface conduction electron-emitting de- 
vices with sufficient energy to excito ihe phosphors. 
,„ Th n sc a rv>ingcircuit102willbedescribednext.The 
scanning circuit 102 Incoiporates M ewitch.ngdov.ooe 
. (.^hemallcally illustrated by SI to SM in Fig 1 3). Each 
ot^aswll^lngdevic-s selects the ou^ut voltage o^tha 

UU vottaoe source Vxor 0 V (ground level) and eloctr.- 
4S caOV connecis the selected vottego to a ^"~P°^' n 9 
Se of the terminals 0x1 to DxM o the display ^ panel 
10 1 The switching devices SI to SM operate on«™ ba- 
sis of a control signal Tscan output from the centre cir- 
cuit 103. Tlie switching deviccc can ba easily eonst.tui- 
so ed by combining switching devices such as FETs. 

The DC voltage source Vx of this embodiment is 
sel based on the charade riot ice of tho surface condi- 
tio,, slectron-smitting devices, to output a constant vnit- 

55 TI.I control circuit 103 acts to coordinate ths npnr- 
atimofeachcomponentsoastopresentanappror^iate 

dsuiay on the basis of an externally hpul imags 
On the basis ol a synchronizing signal Tsync sent irom 
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the synchronizing-sipnal separating circuit 106 (lo be 
described below), the connol uiicuil 1 03 generates con- 
trol signals Tscan, TsU, and Trury lo each ol the compo- 
nents. The timing of e&cl i cunLrol signal wtll 09 described 
later in detail with reference to Fig. 18. s 

Trwsynchronlzinu/siuriaf separating circuit 1 06 ts a 
circuit (or separating a synchronizing signal component 
and a luminanuw signal component from an externally 
input NTSC television signal. As Is well Known, the syn- 
ch ron king-signal eepai alarm circuit 105 can be easily io 
constituted using a frequency separating clrcull (inter). 
Th© synchronizing signal sapaialud by the synchronlz- 
ing-eignal separating circuit 106 comprises a vertical 
eynchronklng signal and a horizontal synchronizing sig- 
nal, as is well known. For the descriptive convenience, 15 
thceo clonals are represented by the signal Tsyiic. Tim 
luminance signal component o1 the Image, which is sep- 
arated from tho TV oignal, ia subjected to gamma cor- 
rection by tho gamma correction circuit 103, The cor- 
rected signal ie roprocontcd by o DATA signal, for the *° 
descriptive convenience. This DATA 6lgnal Is sequen- 
tially input to the shift register lOA. Tho chift rogictor 104 
converts the DATA signal as a serial signal into a parallel 
signal in unite of lines of the image end operates on the 
basis or tne control signal Tsfl sent from the control cir- 2S 
cult 103. The comroJ signal T*rt may ha referred to as 
the shift clocK of the shift register 104. 

The serlal/paraiiel-con verted data of one line ol rrm 
imayw (corresponding to drive data of N surface con- 
duction eteetruri-ai i lilting devices) Is output from The w 
shift register 104 as N par ally I signals Id I to IdM, The 
line memory 105 is a memory for stoi intj unu Bne of im- 
ege data for a requisite period of time. The line memory 
10S appropriately etores the contents of Idl to JdN hi ac- 
cordanoo with tho control aigna! Tmry sent from tho can- os 
trol circuit 103, Tho stored oontonto aro output as I'dl 
to rdNand input to tho modulating clgncJ generator 1 07. 
The modulating signal generator 107 is a eignal couroc 
for appropriately modulating and driving each of the eur- 
facn induction electron-emitting devieoc fn accord* *o 
aneA with \ha image data I'd1 to I'dM. Tho output signals 
from the modulating signal gpnarator 107 are suppliod 
to tha surra on conrfuritrnn alactron-emitting deuicos in 
the display pan nl mi mrnugh the terminals Dy1 toDyN, 

As dflsorihari ahova. In this omhediment, predeter- *5 
mined alactron-emitting characteristic* are stored in the 
respective surface conduction elaciron-amm ing nevtnes 
in accordance with the luminous efficiencies of the R, 
G. srtd-B. La., three primary color phosphors, in this em- 
bed Tisnt. when the electron-emitting characlarfeira so 
are stored In the surface conduction electron-emitting 
devices, voltage pulses of 15.0 V 15.3 V. and lb.ta v 
art* used. As descitbed above, the voltage of a display 
driving signal must be controlled not lo exceed the volt- 
age of the memory pulse such that the stored electron- as 
emitting characteristics are not shifted upon displaying 
an image. More specifically, the voltage of tha driving 
signal lor Image display is set to 1 4.0 V for alt the surface 



conduction electron-emitting devices, The luminance of 
the image is modulated by changing tho pulco width (i. 
e., the length along time axis) of the driving eignal. 

The functions of the respective componontc ehown 
m Fig. 13 have boon described abovo. Beforo a descrip- 
tion of an entire operation, the operation or tho display 
panel 101 will bs described In moro detail with roforonco 
to Figs. 14 lo 17. For Ihe illuelralivo convonionco, the 
number of pixels of tho display panel 1 01 ie set to 6 x 6 
(ift.,M=N-S), As is apparent, however, the display 
pnnnl 101 to be actually used has a much larger number 
OT phrete 

Fig 1 4 is a circuit diagram showing a m ultl -elect ron- 
Daam sourca in which surface conduction oleetroivomtt- 
ting devices an* wir«H in a 6 x 6 matrix. Tho positions of 
ine respective davieas am represented by (X.Y) coordi- 
nates: D(1.1). 0(1.2). . .. and n(fi.fi). 

When an Image is to ca displayed hy rtrlvlnn *itch 
a mulcl-electron-beam source, ma image is saqimnTtsiiy 
formed in units or fines parallel to the X-axis, to drive 
surface conduction electron-emitttno devices corre- 
sponding to una line of ihe Image, of the terminals Dx I 
to Dx6, the terminal of the row corresponded to the dis- 
play line b applied with a voltage ol 0 V, and the remain- 
ing terminals are applied with a voltage of 7 V. In syn- 
chronism with this operation) modulating signals are 
supplied lo the terminals Dy1 to Dy6 in accordance with 
the image pattern of the display lino. 

An example will be described in which an image pat- 
ram as shown in Fig. 1 5 is displayed. For the descriptive 
convenience, the luminances of the light -emitting por- 
tions of tna image pat lam equal each other and corre- 
spond to, e.g„ too IftxLj. In the display panel 101, a 
Known P-22 was used as a phospnor. tha acceleranng 
vuftaqe was I o KV tne repealing frequency of image dis- 
play was eo Hz, and the surface conduction electron- 
emitting devices having the above characteristics ware 
used as emission devices. In Ujis case, a volume of 14 
V is suitable (this voltage value changes when tha re- 
Qpootive parameters aro changed). 

For the image shown In Fig. 1 5, a pofiod for light 
omiccion of the third line will be described. Fig. 16 ia a 
viaw ehowlng voltage values applied to the multi-elec- 
tron eouroc through the terminate Dx1 to Dx6 end Dy1 
to Oy6 whilo light is omitted from the third line of the 
image shown in Fig. 15. Ac ic apparent from Fig. 16, tho 
surfaco conduction electron -omitting dovicoc 0(2.3). D 
(3.3). and 0(4,3) are applied with a voltage of 1 A v* and 
output electron beams. The remaining dovicos are ap- 
plied with a voltage of 7 V (hatched devices in Fig, 1 6). 
or 0 V (white devices in Fig. 17). These voltages are 
lower than tho electron emission threshold voltage, so 
no electron beams are output from these devices. 

For the remaining lines as well, Ihe multi-electron 
source is driven in a Gimitar manner In accordance with 
the display pattern shown in Fig. 15. Fig. 17 Is a timing 
chart time-serially 6howing thie driving operation. As 
shown in Fig. 17, when tho multl-oloetron source is ee- 
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quonti3lly driven from the first line, image display fraa 
from flicker can be realized. 

To ohange (he light amission luminance of the dis- 
play pattern, i.o., to increase (reduco) the luminance, 
tho length of tho puled of tho modulating signal applied 
ro tho terminals Dy 1 to DyS Is mads larger (smaller) than 
10 ujo. With thle operation, modulation is enabled. 

Tho method or driving tho display panel 101 using 
tho multi-electron source with 6x6 pixels has been in- 
scribed above. The entire operation of th* apparatus 
shown in Fig. 1 3 will be described below wilh retafence 
to the timing charts of Pig. 18A-18F. 

Reierring to Pigs. 18A-18F. Fig 1 AA represents the 
timing of tho luminance signal n ATA separated Trom the 
externally Input NTfcn signal by the synchronizing-slg- 
nal separating circuit 1 Ub and corrected by trie gamma 
corr«r:ilnn circuit 108. The DATA signal is sequentially 
sanr in Ihe order of the Tlrsl line, tne second line, the ihiiU 
line,. . . in synchronism wim thlsoperatlon, the shiUcluck 
ififc is outpuUrom tne control circuit 103 lo Ihe shift reg- 
ister 104. as shown In Fiq, 16B. When the data of one 
line fs accumulated in Lho shift register 104, the memory 
write signal Tmry Is output from the control circuit 103 
to Hie the memory 1 05, at a timing as ahown In Fig. 18C, 
so that Ihe drive data ol one line (for N devices) is stored 
and held. As a result, 1he contents or I'dl to IUN as out- 
put signals from the line memory 105 are changed at 
timing h Fig. 18D. 

On Ihe other hand, the contents of the control signal 
Tscan for controlling the operation of me scanning circuit 
102 are represented by timing as snown in Fig. 13E. 
More specifically, when the nrst line Is 10 oe Oftven. only 
the switching device bi in the scanning clrculi 102 Is 
applied wirn me voltage of 0 V. and the reman w lu. switch - 
ing cavces are applleo with ihe voll«H« uf 7 V. When 
the 3econd line Is to be driven, ur ily the switching device 
S2 Is applied with the votteiyo of 0 V. and the remaining 
switching devices aib applied with the voltage of 7 V. 
This appliets to all the fines in the above monnor, and the 
opuiatbn Is controlled in units oi Bnoo. In cynchroniem 
with thie operation, a modulating cignal ie output from 
the modulating signal gonorator 1 07 to tho display panel 
101 at liming shown in Fig. 1 8F. 

Although no description has boon made, the shift 
register 104 end Iho lino memory 105 can bo either of 
a digital signal typo or of an analog signal type as long 
as aorinl/paralle! conversion or storage of th* image sig- 
nal Id performed at a predetermined spaed and timing. 
In tho oaco of a digital signal type, the output signal DA- 
TA from tho gamma correction circuit 1 0* must be con- 
verted into a digital signal. This proofing can be easily 
realized by arranging an A^D convert * r at ma output por- 
tion of tho correction circuit 10R, as a matter of course. 

With the sbove-descrihari operation, the NTSC sig- 
nal canbe displayed using th*rtispiay panel 101 , so that 
TV display is enabled. 

In this embodiment, plan* type surface conduction 
electron-emitting devices am used for the display panel 



101 . However, even when step type surface conduction 
aiftciran-gmiiting devices are used, a satisfactory color 
haiance can be obtained. The step type surface conduc- 
tion electron-emitting device will be Drleity described oe- 

5 low. 

^Slep "typ* Surface conduction electron-em ilting 

rlRvinft» 

io Another typical surface conduction electron-em il- 
ting device having an electron-emitting portion or ils pe- 
ripheral portion formed of a trno particle film, a « 1<J P 
type surface conduction electron-emitting device will be 
described below. 
is Fig. 19 is a sectional view for explaining the basic 
arrangement ul the step type surface conduction eloc- 
tron-emhling device. Referring to Fig. 19. reference nu- 
meral 1201 denotes a substrate; 1202 and 120Q. dovico 
electrodes; 1200, a step forming member (insulating 
so layer* 1 204, a conductive thin film using a fino partblo 
film; 1205, an electron-emitting portion formed by a en- 
ergisation forming proooee; and 121 9, a thin film formed 
by an activation process. 

The step type surface conduction alactrnn-ftmrtting 
25 device differs from the plane type eunace conduction 
electron-emitting dflVina riasentsed above in that one de- 
Vice electrode (12U2) is formed on the step forming 
mambsr VdUti. and The conductive thin film 1 204-covere 
a side suriace of the step lorming ri wiiUei 1 206. There- 
sa tore, the device elwctiode spacing L of the plane type 
surface conuuctfui-i electron-emitting device shown in 
Fi.g. 3A corresponds to a step height Ls ol the atop form 
tag member 120e of the step typo curtooo oonductlon 
electron-emitting devleo. Fortho substrate 1 201 , the de- 
crs vice elscirodoa 1 202 and 1 203, and ihe conductive thin 
film 1204 using a fine particle film, the same materials 
oo enumerated in tho description of the plane type sur- 
face conduction electron -em it ting riwra ran be used. 
For the step forming m«mh«r 1 P.OS, an eieerncally insu- 
la lab'ng material si *r*i as SiO c is used. 

A prafarmd method of manufacturing tne step type 
enrfa™ conduction electron-emitting device will bade- 
srrihorf below. Figs. 20A to 20E are sectional views foi 
a*piaining steps In manufacturing Ihe stuu lype surface 
45 conduction electron-emitting device uf tl to embodiment 
The same reference numerals as in Fig. 19 denote Ihe 
same members In Fins. 20A to 20E, and a detailed de- 
scription thereof will be omitted. 

so 1) As shown in Fig. 20 A, the device electrode 1 203 
Is formed on tl i* substrate 1201 . 

2) As shown in Flo, 20B, the insulating layer 1206 
for forminq the* step forming member is stacked on 
the resultant structure. For the insulating layer 

63 120G, u.y., an 3iQ 9 layer is lormed by sputtering. 
However, another film-forming method such as vac- 
uum deposition or printing may be used 

3) As shown in Rp. 20C, the device electrode 1 202 
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is formed on Ihe insulating layer 1208. 
4] As3hown in Fig, 20D, part of the insulating layer 
1 206 is removed by, e.g., etching to expose the de- 
vice electrode 1200. 

5) As shown in Fig. 20E, the conductive thin Film $ 
1204 using a fine panicle film Is lormed. To form the 
conductive thin film 1204, a film-forming method 
ouch as a coaling method can be used, as in the 
plane type surface conduction electron -emitting de- 
vice to 
Q) As in the plane type surface conduction electron- 
omitting device, d energization forming process is 
performed to form an electron-emitting portion 
1 206. That io, tho camo energization forming proc- 
ess as lhat of the plane type surface conduction *s 

elaclf on-omitting dovico, whioh has boon described 

with reference to Fig. 4C, is performed. 
7) As in the plane type surface conduction olootron- 
omrtltng device, an activation proceed is performed 
to deposit carbon or a carbon compound near the 20 
eleclron-emitting portion 1205. That Is, the same 
activation prncejw *a that of the plane type surface 
conduction etectran-emitttng device, which has 
been described with reference to Fig. 4U is per- 
formed. 

In this embodiment, In the above-described man- 
ner, ll iy step type sulfate conduction eleclron-erniuing 
device shown in Fig. 19 is manufactured 

As described above, according to this embodiment. & 
the electron-em liting characteristics of each surface 
conduction electron-emitting device having a memory 
fund Ion ore appropriately stored in correspondence 
withaoorroepending phosphor color. With ihlc arrange 
menl, the white balance of light emission of iHb R, G, 35 
and B, i.©., three primary color phosphors, can be ap- 
propriately set. 

<fSflcctnri FmhoriimRnfc* 

40 

The second embodiment or ine present invention 
will be described below. 

In the nrst embodiment, a display panel using sur- 
face conduction electron-emitting devices arranged in a 
simple matrix has been described, in the second em- 
bodiment as well, a display panel is constituted by sur- 
face conduction electron-emitting devices each having 
.a memory function and phosphors, as in the first em- 
bodiment* though the surface conduction eleclrcn -em it- 
lino devices are wired to be parallel to each other so 

Fig. 21 b a partially cutaway perspective view of a 
display panel accordinp to the second embodiment, 
showing the internal structure of the panel. The same 
reference numerals as in Fig. 1 denote the same parts 
(it Fici.21.andad(iitaIledde5uiiptMi UmftOf willuwumit- ss 
led. 

Tlua display panel shown in Fi.q. 21 lias a structure 
disclosed in, e.g., Japanese Patent LaidOpen No. 



1 -31332 filed by the present applicant. More specifically, 
a lot of sui faue conduction electron-emitting devices are 
yarallefly ananged on a substrate 1001. Two ands of 
each device are connected to row wiring layers 1013. 
respectively and the substrata 1 001 having a lot of such 
iuwb is fixed on a rear plate 1 005. Thereafter, grids 206 
each having electron pass holes 205 are arranged 
above the subsLrate lOOi to be substantially perpendic- 
ular to the aligning direction of the surface conduction 
eleclron-emiUing devices. 

Other structures are almost the same as those of 
the display panel shown In Fig. 1 . and a detailed descrip- 
tion thereof will bo omitted, in the second embodiment, 
phosphors 92 are stiiuud. as shown in Fiu. 2A. The 
phosphors 92 are arranged along the aligning direction 
of the surface conduction electron-emitting devices (i. 
e., to be substantially perpendicular to the grids). Black 
stripes are formed in advance, and the respective color 
phosphors 02 are applied between the black stripes, 
thereby forming a phosphor Rim 1 008. In a color displey. 
a face plate 1 007, a supporting frame 1 006, and the rear 
plate 1 005 are sufficiently positioned in sealing the j unc- 
tion portions because the respective color phosphors 
must be made to correspond to the surface conduction 
electron-emitting devices, as a matter of course. 

I he fjfafts Vftasei rnrmfiri in In a nhovA manner is 
evacuated by a vacuum pump through an exhaust pipe 
(not shown). After acftleving a sunicieni vacuum, a volt- 
age is applied between device electrodes 1203 through 
external lenriirials DR1 to DRru and 0L1 to Dim, there- 
by performing energization forming 'and activation pice- 
esses. With these processes, electron-emitting portions 
1205 are formed, and tho surface conduction electron- 
emitting devices are formed on the substrate 1 001 , The 
oxhausl pipo (not chown) ic hoatad by a gac burnor in 
a vacuum atmoephare of about 1 0* 6 Torf to weld the ex- 
haust pips, thereby sealing the envelope. Finally, a get- 
ter process is perform ed to maintain the vacuum after 
sealing. 

In the display panel formoH in Inn ehcvn mannor, 
vottflgna ana applinrf to the eu rfncft conduction electron- 
emitting devicee through the external terminals DR1 to 
Dftm ana ui_l to ULm. thereby causing the respective 
electron-emitting pontons 1205 10 emu electrons. The 
emitted electrons pass through the electron pass holes 
205 of the grids (modulating electrodes) 206 for modu- 
lating ihe electron beams and are accelerated by a high 
voltage of several kV or more, which is applied to a metal 
back 1009 or a transparent electrode (noi shown) 
through a high-voltage terminal Hv, so that the electrons 
are bombarded against the phosphor lilm 100a With 
this operation, the phosphors 92 are excited to emit light. 
When a voltage according to an image signal is applied 
to the grids 206 through terminals G 1 to Gn, the electron 
beams passing through the electron pass holes 203 are 
controlled to form an image. 

In the second embodiment, the grids 206 each hav- 
ing the electron pass holes 205 with adiameierof almost 
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bO urn are anangaJ almost 10 ^m abovo tho eubslrate 
1001 through an insulating layer (no! ahown) consisting 
ol eg .5lO». Wwii an accelerating voltage of S kV is 
applied, ONAOFF ol an electron beam (i.e. whether tho 
alectron Ceam pawms through ihe electron pass hole 
ZUb ornoi) can be controlled by a modulating voltage 
(grid voltage Vg) ol 30 V or less. 

Fig. 22 IS a graph S towing ihe retelionchip baLweon 
the grid voltage V« applied to the grid* 206 and the 
phbsp nor currenl fluwing to the phosphor Mm V 008. as 
,he grldvoliaq« Vg is increaeed to a certain 
voitagoVg! ui more, tho phosphor current starts to flow 
When Ihe qr id voltage V g is further increased, the phos- 
phor cmiunt monotonously inoroaees and Is eat.<r*l«* 

evoiitually at V/g^. f „ 

The above-described orrangorruant is ner^fiftary Tor 
manufacturing e display panel, though ihn data»s «- 
cludhathe matorialc and dimensions ol ttw respective 
members, end the positional relationship rherebeween 
are not limited to thoso describe above, and can ap- 
propriately selected fn accordance with the application 
purpose of the image display apparatus. • 
' Tho basic arranofirnanl and manufacturing method 
of 1h© display panel of the second embodiment have 
been ctescrihari above. In the second embodiment as 
wall, rliirarant electron-emilling characterialico aro 
^oradln units of surface conduction electron-emitting 
device* in accordance with ths light omicewn colors of 
the phosphors. In the display panel of the second em- 
Mm£ lha griped throo primary-color phosphors 
areappliad tobe parallel to the arraysof electrically con- 
nuued devices. Therefore, a memory voUage pulse IS 
applied to each array of paraOelly connected devices. 
The conditions cuch as a vacuum atmosphere and ft* 
like el Ihle lime are the samp as those in We Nrsi en- 

bodlmont. . , , 

After the 9lectron-omllUngcharactertsite » stored m 

units 0 device arrays, a driving circuit foi TV display is 
connecied. With this arrangement, a display operoton 
with a satisfactory color Balance can be performed Tho 
main arianoement ol the driving circuit for TV deploy is 
abTOS l the same as thai of the fret embodiment shown 
in Pig 13. In me second embodiment however, an out. 
P ..l vouage from a modulating signal 1 °Z '» 

Sellopvoltagesuitablafor modulation ,by t£9«dsflD6 
and connected to If,* terminals 01 to On . of th , cteplay 
panel. The output voltage from o scanning 

scanning voltage = 0 V and connociea 
DL1 to DLin of the display panel. The terminals DH1 to 

DRm ate always set at OV. 

As described above, according to the second am- 
bodirnaitt, a display panel having grids for modulating 
eleclru. beams is used. Even in this case, whan Ihe 
electic-emilting characteristics ol the surface cnntiuo 
Hon etoctron-emitting devioec each having a memory 
Lrtbn are appropriately stored in 
will, the corresponding phoephor colors, the whda bat- 



ancfl of light emission of the R. 6. and Bi i.e.. the three 
primary color phosphors, can be appropriately aet. 

.iThini hmpociimeru* 

rne third embodiment ol ihe present Invention will 

be described below. . . ■ 

' ' in ins third embodiment, a multifunction display op 
psratus capable of displaying Image information aup- 
10 plied trom various Image information sources ouch ae 
I v Broadcasting on a display panel using eurfooo con- 
duction eloclron-eriiilting devices ae electron omitting 
devices, which display panel is manufactured in a man- 
ner described in ihe first arid second embodiments, will 

is ba described. 

PiH 23 Is a block diagram showing an example ol 

ihe multifunction display apparatus of the third embod- 
iment. Referring to Fig. 23. reference numeral 2100 de- 
notesa display panel using, ae an electron source sur. 
eo face conduction olootron-emitting devices in which me 
electron-emitting characteristics are stored; 2101, a 
drivorof ihe display panel; 210?. a d.sptay panel con- 
troller 2103. a multiplexer; Z104. a decoder, 2 105. an 
input/output interface circuit; 21 06. a CPU; 21 07. ai i im- 
ss age generator; 210B to 2no; image memuiy interface 
circuits. 2111 . an image Input Inierface circuit; 211 2 and 
2113 TV Signal receivers; and 2114, an input:unit for 
rscsiiring an Input front an Input dsvtee euch ao a key- 
board or a mouse. •" 
so Whan the multifunction display apparatus © the 
third ertibocliment receives a signal euch ae a TV signal 
including both video information and audio information, 
video imagea and sound are reproduced slmultannnufi- 
tv as a matter of course. A description nt nlmutts and 
« eoeakero wheh are associated with reception, separa- 
tion, processing, and storage ot audio information will 
bo omitted because these components are not directly 
related to the feature of ihe present hventicn. 

The functions ol the respective cornuuno.us will bo 
ao described halow in accordance with the (lowot an Image 

TV signal receiver 21 1 3 is a circuit tor receiving 
TV image signals transmitted via a wiralese trancmie- 
S «n system such as electric wave M"™*" » 
«, space optical communication. The ewndorde of tine TV 
signals to be recaived.are not particularly limited, and 
any one of the NT3C, PAL. and SECAM standards jriay 
be used. In addition, a TV signal comprising a larger 
number of scanning Bnes (e.g.. o cignal for a s°-ca"8d 
so high-definition TV represented by the MUSE standard) 
Is a preferable signal source tor utilizing the advanta- 
geous features of the display panel applieab e to a large 
display screen and numerouc pixels. The TV signal re- 
ceived by the TV signal receiver 2113 is output to the 
55 decoder 21 04. . 

The TV signal receiver 2112 is a circuit lor receiving 
TV ima H e signals transmitted via a cable '™ s ml S *on 
system suchasa coaxialcable syslempran optical fiber 
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system. Like the TV signal receiver 2113, the standards 
of the TV signals to be received ar* itol particularly lim- 
ited The TV signal received by iliw TV signal receiver 
211 2 is also output to Hid cteuuUei 2104. 

The image Input Interface circuit 211 1 is a circuit for 
receiving an image signal supplied hum an image input 
device such as a TV camera or an image reading scan- 
ner. The received iniau* signal is output lo the decoder 
2104. 

The (linage meniury interface circuit 21 10 Is a circuit 
for receiving an image algnal sluied in a video tape re- 
corder (to bo abbreviated as a VTR liuiuiijafler}. The 
received image signal is output to the decodar 2104. 

The image memory interface circuit 21 09 is a cir uuil 
for receiving an image signal stored in a video disk. The 
roooivdd image aignal is output lo (he decoder 2104. 

The Imago memory interface circuit 21 08 is a circuit 
for receiving an imago aignal from a device such as a 
e til I -picture imago dick which stores still -picture image 
data. The received etill-picturo image data lo output to 
the decoder 2104. 

The input/output interface circuit 21 05 .is a circuit lor 
connecting the display apparatus to an external compu- 
ter, a computer network, or an output device such as a 
printer. The input/output Interface circuit 2105 not only 
Inputs/outputs image data or p.harapfnrrgraphic informa- 
tion tout also can inpui/output control signals or numer- 
ical data between tna CPU 21 C6 or the image forming 
apuaialus and an external device, as needed. 

The Image cjeiwaioi 21 07 is aciicuii Tor generating 
display image data on the basis of image data or char- 
actor/graphic Information externally input through lliw in- 
put/output interface circuit 2100 or image data or char- 
actcr^grephtc Information output from the CPU 210G. 
Tho imago go n orator £107 incorporates circuits neces- 
sary for generating imago data, inotuding a rcfoadnblo 
momory lor accumulating image data or oharaotor/ 
graphic information, a road only memory which etorae 
image patterns corresponding to character codes, and 
a processor for performing Image processing. 

The display image data generated by the Imago 
generator 9107 is output In tho riarndor ?1fU. However, 
the display Image data can bo output than avtomfll r.nm- 
puiar natwnrlc or a printer through the m pi rr/m ilpi.it inter- 
face creuii 21 US. as needed. 

The CPU 21 06 mainly performs an npararinn asso- 
ciated Wltrt operation control 01 the display apparatus, 
and generation, selection, and editing of a display im- 
age. Forexamoie. a control sionai is output to the mul- 
tiplexer 2103. Ihereby appropriately selecting or com- 
bining Image signals to be displayed on tne display pan- 
el 2100. At this time, a control signal Is generated to me 
display controller 2102 in accordance with the Image 
signal lo be displayed, ihereby appropriately controlling 
the operation ol the display panel 210O. Including ihe 
frame display frequency, the scanning method (e.g., in- 
terlaced scanning or non-lnterlacec scanning), and the 
number of scanning lines in one frame. 



In addition, tha HPU ?10n directly outputs image 
daia or cria ranter/graphic information to the image gen- 
erator nrancesaes en external computer or mem- 
ory mraurjh lha Input/output interlace circuit 2105 io in- 
s pui Image riara or character/graphic information. 

i na c:hu ?mfi may opf?rate tor other purposes. For 
example, lhA CPU 21 06 may be directly associated wfth 
a junction nf generating or processing information, like 
a personal computer or a wordprocessor. Alternatively. 
to as dasenbed ahnve, Ihe CPU 2106 may be connected 
to an external, computer narwnrx through the input/out- 
put Interface circuit 2105 to cooperate with thn aytnrnai 
device in. e.g.. numerical calculation 

The Input unit 2114 is used by the user to input tn- 
15 structbns, program, or data to the CPU 2 106. In addition 
tu a Keyboard and a mouse, various input devices such 
as a jcy stick, a bar-cods reader, or a speech recognition 
device can be used. 

The decoder 2 1 04 is a circuit for reversely convert- 
so hg various image signals input front Ihe image genera- 
tor 21 07 to the TVsignal receiver 21 1 3 into three primary 
color signals, or a luminance signal and I and Q signals. 
As indicated by adotted line in Fig.23. the decoder 2104 
preferably inoorporatoo an imago momory 3uch that TV 
2S signals such as MUSE signals which require an image 
memory for reverse conversion can be procoeeod. An 
image memory facilitates display of a still-picture image. 
In addition, the imag© memory enables facilitation of im- 
age processing Including thinning, interpolation, en- 
30 largerrieni, reduction, and syntnesmng. and editing ol 
imaga data in cooperation with tne Image generators 
2 1 or ana 2106. 

The multiplexer 2103 appropriately selects a dis- 
play Imautf uti (lie basis of a control slanai Input from 
as the CPU 2106. More apouifiually, llio inulliyloAtti 2103 
selects a desired image signalfrom the reverse-convert- 
od image signals input from tho docodcr 2104 and out- 
puts tho oolected image signal to tha driver 2101 . In this 
case, tho multiploKcr2l03 can realise- oo ooJlod multi- 
m window tolovicion.whoro tho ooroonlodlvidod into oplu 
rality of areae to diepby a plurality of imagoe in tho ro- 
spoctivo area©, by selectively switching Imago eignale 
within a display period for one frame. 

The display controllor2l02 is a circuit for con trolling 
45 the operation ol tho dm/or 2 1 01 on tho basis of a control 
signal input from the CPU 21 OS. 

For the basic operation of the display panel 2100. 
the display controller 2102 outpuls a signal for control- 
ling the operation sequence of the driving power supply 
SO (notfthnwn)ofthedisplaypanei2100tothedriver2101. 
hor tha maihnri of driving the display panel, the dis- 
play controller. 5>1fl? outputs a signal fnr controlling the 
frama display trantiancy or the scannino method (e.g.. 
interlaced Rranhmg nr nnn-intarlacari scanning) to the 
55 driver 5M01 . The display controller, 2102 outputs a con- 
trol signal associated with adjustment of the image qual- 
ity inciiirimo the luminance, contrast, color tone, and 
sharpness nf a display image to the driver 2101, as 
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noodad. Thodrlvof 2101 Is acirftiiil fnrgeneraung a driv- 
ing eignal to bo supplied lo Ihe display pa ne! 21 00 - Tn9 
display panel 2100 operates on the hasis of an Image 
signal input ifom the multiplexer 2 103 a nrt a control sig- 
nal input (rom the display controller 21 0? 

The functions of the respective components shown 
in Fig. 23 have been described above. Tha display ap- 
paratus having the arrangement shown in Fig. 23 can 
display, on iho display panel 21011, Image information 
Input ficm various image information sources. 

More specifically, various image signals including 
TV broadcasting signals ars subjected 10 reverse con- 
version by the decnrlnr ?1 04, appropriately selected bv 
tho m uttiplexer 9 1 03, and input to the driver 2 1 0 1 . Th« 
display controller 2102 generates a control signal 1or 
controlling the operation Of trie driver 2101 in accord- 
ant wilh the image signal to be, displayed. The driver 
71U1 supplies a driving signal Lo Itiu display panel 21 00 
on ine basis of ine Image slqnal and ihe control signal. 

Wtlh tills operation, an image is displayed on the 
display panel 2100. The series of operations ara inte- 
grally ooruiulbd by the CPU 2106. 

This display apparatus not only dsplays image data 
selected from a plurality of Imago information in associ- 
ation with the image memory incorporated in the decod- 
er 2104, the imago gon orator 2107. and the CPU 21 nR, 
but also can perform, for image information to be dis- 
played, rnage processing including enlargement, re- 
duction, rotation, movement, edge emphasis, thinning, 
interpolation, color rnm/arsion. and aspect ratio conver- 
sion, and image editing including synthesizing, delation, 
combining, replacement, and insertion. Thuuoh not par- 
ticularly rererred to in me description of the third erobod- 
imenl, circuits dedicated lo piocessing and editing of au- 
dio information may be anaiiged, as for image process- 
ing ana Imao^ eUitii ift. 

The multifunction display apparatus oan realize 
function of various de-vices, e.g., aTVbroadcasllng dis- 
play device, a teloconfercnoo tormina! devlco, an image 
editing device for atitl pkrturoe and moving pictures, an 
office-work terminal dovico eueh as a computer ta rmlnal 
or a vwrdproocccor, a game machine. *nd the like. 
Therefore, tho dicplay apparatus has a wirf« application 
. range tor industrial and private use. 

Fig- 23 only ehowe an example of rhA arrangement 
of tho muikffunction display apparatus using the display 
panel in which surface conduction alectran-emltting de- 
vices are used as an electron source, and the display 
apparatus of the present invention is not limited to this 
arrangement, as a maltarof course. For example, of the 
conetitugnt elements shown in Fig. 23. circuits aesuci- 
ated wilh functions iinnanflssary fortne application pur- 
pose can be omitted Reversely, constituent elements 
can be added in accordance with the application pur- 
pose. When Ihis muiriiuncttan display apparatus > tu be 
used as a visual telephone, preferably, a TV camera : a 
microphone, an illumination device, a transmissiuri/re- 
ception circuit including a modem may be addad v 



Since this display apparatus uses, as its electron 
soutce, surface conduction electron-emitting devices, a 
low-profile display panel can be realized, so that the 
depth of lha Jteplav apparatus can be reduced. In addi 

s tion. since the display panel using surface conduction 
electron-emitting devices as the electron source can be 
easily enlarged, and it has a high luminance and a wide 
view angle, Hie image lorming apparatus can display 
vivid images with realism and impress iveness. 

to As described above, according to the Ihird embod- 
iment, Hie multifunction dlaplay apparatuo con bo con- 
stituted by the display panel using, oo an olootron 
source, surface conduction electron-emitting devices in 

which the electron-emitting ohorootcrictioc are stored, 
15 Therefore, a display apparatus having excellent appli- 
cability, a multifunction, and excellent color roproductbn 
(white balance) properties can be provided 

As many apparently widely different embodiments 
of tho procont Invention can be made without departing 
so from the spirit and scope thereol. it is to b« nnderatnod 
that the invention is not limited to the specific embodi- 
ments thereof exrapr as denned in the appended 
claims. 



25 



30 



45 



SO 



claims 

1 . An imauw forming apparatus , characterised by oom • 
prising; 

a multi-etootron-boam eourco having a plurality 
of surface conduction electron -emitting devices 
(1002) arranged on a substrate (1001); 
tight emission means (tonfl) for emitting light 
upon irradiation of an electron beam from said 
multi-alertron source: and 
mnrlijlating means (107) Tor modulating me 
electron beam being irradiated on said light 
emission means (l 009) on tho basis of an input 
image signal. 

wherein, foi *ach of said surface conduction 
electron-emitting devices (1002), an elsctron- 
emittiriH characteristic Is ehfftad in advance in 
accordance with a light emission characteristic 
of said light emission menno (1 008) by applying 
avollage havingavalue largerthanamaximum 
value of a driving voltago of the surface con- 
duction electron-emitting device (1002). 

2. The apparatus according to claim 1 , characterised 
in that eaid eurfoeo conduction electron-emitting de- 
vices are arranged in a vacuum vessel in which a 
partial pressure of an organic gas Is not more than 
IxlO^Torr. 

3 The apparatus according to claim 1 , characterised 
in that said light omiceion means (1008) comprises 
phosphors (92). 
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4. The apparatus according to claim 3, characterised 
in that eaid phosphors (92) havo three primary 
colore of rod, green, and blue, and The electron- 
emitting charaetorictic of each of oald surface con- 
duction electron-emitting devices (1002) is shifted s 
such that a white balance of 3aid three primary 
colors is maintained. 

5. The apparatus according to any one of claims 1 lo 

4, charactorieod in that, in oaid multi-electron tc 
source, said plurality of ourfooc conduction elec- 
tron-emitting dovicoc (1002) are two dimensionelly 
arranged and wired in a matrix by row wiring layers 
(1003) and column wiring layorc (1O04) cubotontiol- 
ly perpendicular to said row wiring layers (1 003), 

6. The apparatus according to any one of claims 1 to 
4, characterised in that, in said multi^loctron 
source, said plurality of surface conduction elec* 
rmn-flmminrj riflvicas (1002) are arranged in a row 20 
direction, and grid electrodes are arranged in a col- 
umn direction substantially perpendicular lo thA row 
direction. 

7. A method or manufacturing an Image lormtng ap- * s 
paatus having 

a multi-electron-beam source having a plurality 
of surface conduction electron-emitting devices 
(1002) arranged on a substrate (1001 ), so 
light omission moane (1008) for emitting light 
upon irradiation of an electron boom from cold 
mufti- el self on source, and 
driving mgans (107) for applying a driving volt- 
age lo said multi-electron source on the basis 
of an input imago signal characterised by com- 
prising thfl step of: 

applying a characteristic shift votiage having n 
value larger than a maximum value or the driv- 
ing voltage applied by said driving means (107) *o 
to said surface conduction eieciron-emimng 
devices (1002) in advance such that electron- 
emitting characteristics of said surface conduc- 
tion elect rcn-emiUing devices (1002) are shift- 
ed in accordance with a light emission charac- 
teristic of said light emission means (1008). 

8. The melhod according to claim 7, characterised in 
thai the characteristic shift voltage is applied In a 
vacuum atmosphere in which a partial pressure of so 
an organic gas is not more than 10* a Torn 

9- The method according to claim 7 or 8, characterised 
in that said light emission means (1 008) comprises 
phosphors (92). 5S 

10, The method according to claim 9, characterised in 
that sard phosphors (92) have three primary colors 
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of red, green, and blue, and the eleclron-emitung 
characteristic of each of said surface conduction 
electron-emilting devices (1 002) is si lifted such II ral 
a white balance ol said it n«e primary Color a is main- 
tained. 

11. The melhod according lo any ona of claims 7 to 10, 
chaiaL-teinseu* in thai, in said mutli-eleotron source, 
said plurality of surface conduction electron-emit- 
ting devices (1002) aio wired in a main* by a plu- 
rality Of column wiiinyj layois (1004) and a phi i a lily 
ol row wiring layers (1003). 

12. A method of adjusting an image forming apparatus 
having 

a multi-electron-baam source having a plurality 
ol curfaoo oonduetion el ectron -emitting device a 
(1002) arranged on a aubor/nlo (1001), 
light omieeion moanc (1008) for omitting HghT 
upon irradiation of an electron beam from said 

multi-electron sourco, and 
driving means (107) for applying a driving volt- 
age to said mimi-Alftftiron smim* on rh* hftaifl 
ot an input image signal, charactensed by com- 
prising the step ol: 

applying a characteristic shin voltage having a 
value larger than a maximum value of the drlv- 
gig vullaye applied by said driving means (1 07) 
to said surface conduction electron-emitting 
devices (1002) in advance such that electron- 
emitting charactoristics of aald surface conduc- 
tion electron-emitting devices (1002) are shift- 
ed In acoordonco with o light omioeion oharao 
terielic or caid light omieeion moane (100S). 

13. The method according to claim 12 r wherein the 
characteristic shift voltage Is applied in a vacuum 
ntmn»phRrfl in wh inn a partial pnwsiirn nf an organ- 
ic gas is not more than 1 0-8 Ton*. 

14. The method according to claim 12 or 1 9. character- 
ised In thai said tight emission means (1008) com- 
prises phosphors (92). 

15. The method according to claim 14. characterised in 
liial said phosphors (92) have ihree primary colors 
ol red, green, and blue, and the electron-emitting 
characteristic or each or said surface corrducliun 
electron-emitting devices (1 002) is shifted such that 
a while balance or said liiree primary colors is main- 
tained 

16. The method according to any one of claims 12 to 
15, characterised in lhal, in said rnulli-eleclicn 
source, said plurality of surface conduction elec- 
tron-emitting devices (1O02) are wired in a matrix 
by a plurality of column wiring layers (1004) and a 
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plurality of row wiring layers (1003). 

17. Anirnayw forming apparatus comprising: 

a multi-electron beam source having a plurality s 
ur surface conduction electron-emitting dovtcoe 
(1002) arranged on a substrate [1001 ); and 
Ijyhl wnbsioii means (1000) for emitting light 
of respective different colours upon irradiation 
of an electron beam from rcopootivo dovicea 
(1002) of said multi-c|cc*ron beam source; 
wherein 

respective ones of said surface conduction 
electron-emitting doviooc for reepectfvo differ^ 
ent colours have respective shifts in their elec- is 
tron-embaion characteristic© commensurate 
with achieving white balance. 

A multi-oloclron beam source for us© in The Appa- 
ratus of claim 17, wherein ths snrtflfie conduction 20 
electron-emining devices have electron emission 
characterisHcs wiih relative shifts In accordance 
wilh arrangemem for colour. 
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